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(54) RARE-EARTH TERNARY COMPLEX 

(57) A rare earth ternary complex represented by the following formula (1): 
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m2 



(1) 



n2 



< 

CO 



vvtierein M is a rare earth atom; n1 is 2 or 3; n2 is 2, 3, or 4; Rf^ and Rf^ are the same or different and are each 
a aliphatic group having 1 to 22 cartion atoms and containing no hydrogen atoms, an aromatic group containing no 
hydrogen atoms, or an aromatic heterocyclic group containing no hydrogen atoms; and Z is a ligand containing X, 
phosphorus, or nitrogen. 
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Description 

TECHNICAL FIELD 

5 [0001] This invention relates to a rare earth ternary complex, a composition comprising the rare earth ternary com- 
plex, and an optically functional material. 

[0002] The rare earth temary complex of the present invention is suitable, for example, as an optically functional 
material such as a luminescent material, a mechanoluminescence material, or the like, and can be used in optical 
fibers, tenses, or the lil<e. 

10 [0003] "Rare earth temary complex' here refers to a rare earth complex formed by coordinating two organic com- 
pound molecules to a rare earth metal, or to a rare earth complex composed of three components, namely, a rare earth 
metal and two organic compounds. 

BACKGROUND ART 

15 

[0004] Various kinds of rare earth complexes have been developed in the past as optically functional materials. For 
instance, U.S. Patent 4,037,172 discloses a p-diketone rare earth complex as an optical conversion material. This 
publication discloses a rare earth complex in which hexafluoroacetylacetone (hereinafter referred to as HFA) is coor- 
dinated to europium. This complex has low luminescence intensity, so a large quantity of complex is required to obtain 

20 the necessary luminescence intensity. 

[0005] An attempt has also been made at Improving the optical functional characteristics of a rare earth complex by 
coordinating various types of photosensitizer to a rare earth complex. For instance, Japanese Unexamined Patent 
Publication 1989-256584 discloses a rare earth temary complex having p-diketone and phosphine oxide as Uganda. 
Said publication disclosed a ternary complex in which thenoyltrifluoroacetone and trioctylphosphine oxide are coordi- 

25 . nated to terbium, for example. 

[0006] However, a satisfactory level of luminescence characteristics cannot be achieved even with a rare earth com- 
plex having a photosensitizer such as phosphine oxide etc. as a ligand. Also, dispersibility in a polymer matrix does 
not reach a satisfactory level. 

30 DISCLOSURE OF THE INVENTION 

. [0007] It is an object of the present invention to provide a rare earth ternary complex that exhibits excellent lumines- 
cence characteristics. 

[0008] The present inventors carried out extensivie research to achieve the above object, and found that a rare earth 
35 ternary complex in which a specific organic hetero compound and a specific neutral ligand are coordinated exhibits 
remarkable higher luminescence intensity, beyond all expectations, as compared to known rare earth complexes. 
[0009] Specifically, the present invention provides the following rare earth ternary complex, composition, and optically 
functional material. 

40 1 . A rare earth temary complex represented by the following formula (1 ): 



45 



SO 




55 Wherein M is a rare earth atom; n1 is 2 or 3; n2 is 2, 3, or 4; Rf^ and Rf2 are the same or different and are 

each an aliphatic group having 1 to 22 carbon atoms and containing no hydrogen atoms, an aromatic group con- 
taining no hydrogen atoms, or an aromatic heterocyclic group containing no hydrogen atoms; Z is at least one 
ligand selected from the group consisting of (A) to (D) below; m2 is an integer from 1 to 10 when Z is at least one 
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ligand selected from the group consisting of (A) to (C) below, and is an integer from 1 to 5 when Z is at least one 
llgand selected from among (D): 

(A) a ligand represented by the following formula (A): 



)^R* (A) 



in3 



15 . Wherein R\ R^, and R3 are the same or different and are each a hydrogen atom, a deuterium atom, an 

alkyl group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 20 carbon atoms, an aromatic group, 
or an aryloxy group, and these groups may be substituted with deuterium, provided that at least one of H^, 
R2, and R3 is an aromatic group or an aryloxy group; X is a phosphorus or sulfur atom; ml is 0 or 1 ; and when 
X is a phosphorus atom. mS Is 1 , and when X is a sulfur atom, m3 is 0, 

20 (B) a ligand represented by the following fomnula (B): 




wherein R'"', R^'. and R3' are the same or different and are each a hydrogen atom, a deuterium atom, 
an alkyl group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 20 cartoon atoms, or an aromatic 
group, and these groups may be substituted with deuterium, provided that at least one of R^', R^', and R^' is 
35 an aromatic group; m1 ' is 0 or 1 ; and m3' is 1 , 

(C) a ligand which is a nitrogen-containing aromatic compound with monodentate coordination to M, and 

(D) a ligand which is a nitrogen-containing aromatic compound with bidentate coordination to M. 

2. The rare earth ternary complex according to the above-described item 1 , wherein Z is a ligand represented by 
40 formula (A). 

3. The rare earth ternary complex according to the above-described item 2. wherein formula (A) is as follows: 



>^rr (A) 



w3 



wherein R\ R^. and R^ are the same or different and are each a hydrogen atom, an alkyl group having 1 to 
20 carbon atoms, an alkyloxy group having 1 to 20 carbon atoms, an aromatic group, or an aryloxy group, and 
55 these groups may be substituted with deuterium, provided that at least one of R^ R^. and R^ is an aromatic group 

or an aryloxy group; X is a phosphorus or sulfur atom; ml is 0 or 1 ; and when X is a phosphorus atom, m3 is 1, 
and when X is a sulfur atom, m3 is 0. 
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4. The rare earth ternary complex according to the above-described item 1, which is obtainable by a preparing 
method comprising the step of mixing a rare earth complex represented by fomnula (2): 



10 



IS 



20 



M 



(2) 



n2 



wherein M, n1 , n2, Rf^ and Rf^ are as defined in the above-described item 1; and 
at least one compound selected from the group, consisting of (A) to (D) below: 

(A) a compound represented by the following formula (3) : 



25 



X— R' 



in3 



(3) 



30 



35 



wherein RV R2, and R3 are the same or different and are each a hydrogen atom, a deuterium atom, an 
alkyi group having 1 to 20 carbon atoms, an all^yloxy group having 1 to 20 carbon atoms, an aromatic group, 
or ian aryloxy group, and these groups may be substituted with deuterium, provided that at least one of R\ 
R2, and R3 is an aromatic group or ah aryloxy group; X is a phosphorus or sulfur atom; rnl is 0 or 1 ; and when 
X is a phosphorus atom, m3 is 1 , and when X is a sulfur atom, m3 Is 0. 
(B) a compound represented by the following formula (B'): 



40 



45 




ni3' 



so 



55 



wherein R^*. R^', and R^* are the same or different and are each a hydrogen atom, a deuterium atom, 
an alkyI group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 20 carbon atoms, or an aromatic 
group, and these groups may be substituted with deuterium, provided that at least one of R^', R^', and R^' is 
an aromatic group; m1 ' Is 0 or 1 ; and m3' is 1 , 

(C) a nitrogen-containing aromatic compound with monodentate coordination to M, and 

(D) a nitrogen-containing aromatic compound with bidentate coordination to M 

5. The rare earth ternary complex according to the above-described item 2, wherein at least one of R\ R^, and 
R3 in fonmula (A) is an aromatic group. 



6. The rare earth ternary complex according to the above-described item 2, wherein R\ R^, and R3 in formula (A) 
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are phenyl groups. 

7. The rare earth ternary complex according to the above-described Item 1, wherein said complex Is represented 
by fonmula (4): 




wherein M, n1 , and n2 are as defined in the above-described item 1 ; Rf* and Rf* are the same or different 
and are each a perfluoroalkyi group having 1 to 4 carbon atoms; and Ph Is a phenyl group. 

8. The rare earth temary complex according to the above-described item 1 , wherein said complex is represented 
by formula (5): 




wherein M, n1 . and n2 are as defined In the abbve-described Item 1; Rf* arid Rf* are the same or different 
and are each a perfluoroalkyi group having 1 to 4 carbon atoms; and Ph is a phenyl group. 

9. The rare earth temary complex according to the above-described item 1, 7, or 8, wherein M is a rare earth atom 
selected from the group consisting of Nd, Eu, Tb, and Yb. 

10. A composition comprising: 

a rare earth binary complex represented by formula (2): 




wherein M, n1, n2. Rf^ and Rf2 are as defined in the above-described item 1; and 
at least one compound selected from the group consisting of (A) to (D) below: 
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(A) a compound represented by the following formula (3): 



{4 



ma 



wherein R\ R^. and are the same or different and are each a hydrogen atom, a deuterium atom, an 
alky! group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 20 carbon atoms, an aronriatic group, 
or an arytoxy group, and these groups may be substituted with deuteriunrj, provided that at least one of R\ 
R2, and R^ is an aromatic group or an aryloxy group; X Is a phosphorus or sulfur atom; m1 is 0 or 1 ; and when 
X is a phosphorus atom, m3 Is 1 , and when X Is a sulfur atom. m3 Is 0, 
(B) a compound represented by the following formula (B'): 




wherein R^', R^', and R^ are the. same or different and are each a hydrogen atom; a deuterium atom, 
an alky! group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 20 carbon atoms, or an aromatic 
group, and these groups may be substituted with deuterium, provided that at least one.of-R^', R2', and R^' is : 
an aromatic group; mV is 0 or 1; and m3! is 1, - - . - - 

(C) a nitrogen-containing aromatic compound with monodentate coordination to M, and 

(D) a nitrogen-containing ardmatic compound with. bidentate coordination to. M. > 

11. The composition according to the above-described item 10. further comprising a solvent. 

1 2. The composition according to the above-described item 1 0, further comprising a polymer matrix or a monomer 
which serves as the raw material for a polymer matrix. 

13. An optically functional material comprising the rare earth ternary complex according to the above-described 
iteml. 

14. An optically functional material comprising the composition according to the above-described item 10. 

[0010] tn the present invention, Rf^ and Rf^ are the same or different and are each an aliphatic group having 1 to 22 
carbon atoms and containing no hydrogen atoms, an aromatic group containing no hydrogen atoms, or an aromatic 
heterocyclic group containing no hydrogen atoms. Rf^ and Rf^ are the same or different and are each a perfluoroalkyi 
group having 1 to 4 carbon atoms. 

[0011] Examples of the aliphatic group having 1 to 2!2 carioon atoms and containing no hydrogen atoms include the 
following groups. 

[0012] * Straight-chain or branched-chain perhalogenated alkyl groups such as perfluoroalkyl groups (CnF2rH.i; n = 
1 to 22), perchloroalkyl groups (CnCign+i; n = 1 to 22), and the like 

[0013] Examples of the straight-chain or branched-chaIn perhalogenated alkyl groups include trichloromethyl, trif- 
luoromethyl, pentachloroethyl, pentafluoroethyl, heptachloropropyl, heptafluoropropyl, heptachloroisopropyl, hep- 
tafluoroisopropyl, nonachlorobutyl. nonafluorobutyl, nonachloroisobutyl, nonafluoroisobutyt, undecachloropentyl, un- 
decafluoropentyl, undecachloroisopentyl, undecafluoroisopentyl, tridecachlorohexyl, tridecafluorohexyl. tridiacachlor- 
oisohexyl, tridecafluorolsohexyl, pentadecachloroheptyl, pentadecafluoroheptyl, pentadecachloroisoheptyl, pentade- 
cafluoroisoheptyl, heptadecachlorooctyl, heptadecafluorooctyl, heptadecachlproisooctyl, heptadecafluoroisooctyl, 
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nonadecachlorononyt, nonadecafluorononyl, nonadecachloroisononyl. nonadecafluoroisononyl, heneicosachloro- 
decyl, heneicosaftuorodecyl, heneicosachloroisodecyl, heneicosafiuoroisodecyl, tricosachloroundecyl. tricosafluor- 
oundecyl, tricosachloroisoundecyl, tricosafluoroisoundecyl, pentacosachlorododecyl, pentacosafluorododecyl, penta-' 
cosachloroisododecyl. pentacosafluorolsododecyl, heptacosachlorotridecyl, heptacosafluorotridecyli heptacosachlor- 
oisotridecyl, heptacosafluoroisotridecyl, and the like. Other examples include nonafluoro-tert-butyl, nonachloro-tert- 
butyl and the like. 

[0014] The straight*chaln or branched-chain perhalogenated alkyl groups are preferably perchloroalkyi groups aind 
perchlorofluoroalkyi groups, more preferably perfluoroalkyi groups. 

[0015] The carbon number of the perhalogenated alkyl groups is usually 1 to 22, preferably 1 to 13, more preferably 
1 to 10, particularly preferably 1 to 6, and the most preferably 1 to 4. 

[0016] * Straight'Chain or branched-chain perhalogenated alkenyl groups such as perfiuoroalkenyl groupis (CnF2n.i; 
h = 1 to 22), perchloroalkenyl groups (CnCl2„.i; n = 1 to 22). and the likis; 

[0017] Examples of the perhalogenated alkenyl groups Include trifluorovlnyl, trichlorovinyl, pentafluoroallyl, pen- 
tachloroallyl, pentafluoropropenyl, pentachloropropenyl, heptaf luorobutenyl, heptachlorobutenyl, and the like. The per- 
halogenated alkenyl groups are preferably pentafluoroallyl. pentachloroallyl, and the like. 

[0018] The carbon number of the perhalogenated alkenyl groups is usually 2 to 22, preferably 2 to 8, and more 
preferably 2 to 4. . 

[0019] * Straight-chain or branched-chain perhalogenated alkynyl groups having 2 to 22 carbon atoms such as per- 
fluoroalkynyl groups, perchloroalkynyl groups, and the like; 

[0020] Examples of the perhalogenated alkynyl groups include fluoroethynyl, chloroethynyl, 1-trifluoropropynyl, 
1-trichloropropynyl, 2-trifluoropropynyl, 2-trlchloropropynyl. and the like. 

[0021] The carbon number of the perhalogenated alkenyl groups is usually 2 to 22, preferably 2 to 8, and more . 
preferably 2 to 4. 

[0022] * Perhalogenated cycloalkyi groups having 3 to 22 carbon atoms such as perfluorocycloaikyi (C„F2n.i; n = 3 
to 22). perchlorocycloalkyi (GnClgn-i; n = 3 to 22), and the like; 

[0023] Examples of the perhalogenated cycloalkyi groups include pentachlorocyclopropyl. pentafluorocyclopropyl. 
heptachlbrocyclobutyl, heptafluorocyclobutyl, noriiachlorocyclopentyl, nonafluorocyclopiBntyl. undecachlorocyclohexyl, 
undecafluorocyclohexyl, tridecachlprocycloheptyl, tridecafluorocycloheptyl, pentadecachlorocyclooctyl, pentade- 
cafluorocyclooctyl, and the like. 

[0024] The carbon number of the perhalogenated cycloalkyi groups Is usually 3 to 22, preferably 3 to 8, and more 
preferably 3 to 6. 

[0025] * Perhalogenated cycloalkenyl groups having 3 to 22 carbon atoms such as perfluorocycloalkenyl groups (for 
example, perfluorocyclopentenyl, perfluorocyclohexenyl etc.) perchlorocycloalkenyl groups, and the like 
[0026] The carbon number of the perhalogenated cycloalkenyl groups is usually 3 to 22, preferably 3 to 8, and more 
preferably 3 to 6. 

[0027] • Perhalogenated aralkyi groups such as perfluorobenzyl group, perchlorobenzyl group, perfluorophenethyl 
group, perchlorophenethyl group, and the like; " 
[0028] The perhalogenated aralkyi groups are preferably perfluoroaralkyi groups such as perfluorobenzyl group, 
perfluorophenethyl group, and the like. 

[0029] Examples of the aromatic groups in "aromatic groups containing no hydrogen atoms" include phenyl, naphthyl, 
anthranyl. phenanthryl, pyrenyl and the like. 

[0030] Examples of the aromatic heterocyclic groups in "aromatic heterocyclic groups containing no hydrogen atoms" 
include pyridyl. thienyl, pyrrolyl, pyrimidinyl, quinolyl. isoquinolyl. benzimidazolyl, benzopyranyl, indolyl, benzofuranyl, 
imidazolyl, pyrazolyl, biphenyl, and the like. 

[0031] All of the hydrogen atoms in these aromatic groups and aromatic heterocyclic. groups are substituted with 
substituents containing no hydrogen atoms, such as halogen atoms (fluorine atoms, chlorine atoms, bromine atoms! 
etc.), nitro groups, perhalogenated alkyl groups having 1 to 4 carbon atoms (trifluoromethyl, etc.), perhalogenated 
alkoxy groups having 1 to 4 carbon atoms (trifluoromethoxy, etc.), perhalogenated alkylcarbonyl groups having 2 to 5 
carbon atoms (trifluoroacetyl, etc.), perhalogenated alkylenedioxy groups having 1 to 4 carbon atoms (difluoromethyl- 
enedioxy, etc.), perhalogenated alkenyl groups having 2 to 5 carbon atoms (perhalogenated vinyl, etc.), perhalogenated 
phenoxy groups, and perhalogenated alkylcarbonyloxy groups having 2 to 22 cari3on atoms, and the like. Similarly, 
examples of the substituents for the aromatic groups arid the aromatic heterocyclic groups containing no hydrogen 
atoms include cyano. nitroso, perhalogenated alkoxycarbonyl groups having 2 to 5 carbon atoms, and the like. These 
substituents may all be the same, or two or more kinds may be included. The above substituents are preferably halogen 
atoms, the perhalogenated alkyl groups, cyano groups, and nitroso groups, more preferably halogen atoms and per- 
halogenated alkyl groups. 

[0032] Specific examples of the aromatic groups containing no hydrogen atoms include perfluorophenyl, perchlo-- 
rophenyl, perf luoronaphthyl. perchloronaphthyl, perf luoroanthranyl, perchloroanthranyl, perfluorophenanthryl, perchlo- 
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rophenanthryl. perchloropyrenyl, perfluoropyrenyl, perbromopyrenyl, and other such perhalogenated aromatic groups. 
Preferable examples Include perfluorophenyl, perchlorophenyl, perfluoronaphthyl, perchloronaphthyl, perfluoroanthra- 
nyl, perchloroanthranyl, perfluorophenanthryl, perchlorophenanthryl, and the like. 

[0033] Examples of the aromatic heterocyclic groups containing no hydrogen atoms include perhalogenated 2-py ridyl 
and other such perhalogenated aromatic heterocyclic groups. 

[0034] One or more of the halogen atoms bonded to the aromatic ring of the perhalogenated aromatic group or to 
the aromatic hetero ring of the perhalogenated aromatic heterocyclic group may be substituted with substituents con- 
taining no hydrogen atoms, such as a cyano, nitro, nitroso, perhalogenated alkoxy having 1 to 4 carbon atoms, perh- 
alogenated alkoxycarbonyl having 2 to 5 carbon atoms, perhalogenated alkylcarbonyloxy having 2 to 22 carbon atoms, 
or the like. 

[0035] One or more of the halogen atoms bonded to the aromatic ring of the perhalogenated aralkyi group or the 
aromatic hetero ring may be substituted with substituents containing no hydrogen atoms, such as a cyano, nitro, nitroso, 
perhalogenated alkoxy having 1 to 4 carbon atoms, perhalogenated alkoxycarbonyl having 2 to 5 carbon atoms, per- 
halogenated alkylcarbonyloxy having 2 to 22 carbon atoms, or the like. 

[0036] In to C22 perhalogenated alkyi groups, to C22 perhalogenated alkenyl groups, and C2 to C22 perhalo- 
genated alkynyl groups, an ether, ester, or ketone structure may be produced by interposing one or more -0-, -COO, 
or -CO-groups between C-C single bonds at any position. 

[0037] The perhalogenated alkyI groups or the perhalogenated aromatic groups are preferable as Rf^ and Rf2, and 
the perfluoroalkyi groups or the perf luoroaromatic groups are more preferable. When the chemical stability of the rare 
earth ternary complex is taken into account, It is particularly preferable for Rf^ and Rf^ to be the perhalogenated alkyl 
groups having 1 to 4 carbon atoms, and of these, the perfluoroalkyi groups having 1 to 4 carbon atoms are the most 
preferable. In view of the luminescence intensity, Rf and Rf^ are preferably the perhalogenated alkyl groups having 
1 to 4 carbon atoms or perhalogenated aromatic groups, more preferably perfluoro-substituted aromatic groups such 
as a perfluorophenyl group. 

[0038] Examples of the rare earth elements represented by M include La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, 
Er, Tm, Yb, Lu, and other lantharipids. Nd, Eu, Tb and Yb are preferable as M, Nd and Eu are more preferable, and- 
Eu is particularly preferable.. 
[0039] n1 is 2 or 3. n2 is 2, 3, 0 

[0040] When the rare earth ternary complex of the present invention is an. anion, the cation that serves as the counter 
ion is not limited. Examples of cations include- tetrabutylammonium ioris, benzyjtrimethylammonium ions, and other 
such quatemary ammonium ions; tetrabutylphosphonium ions and other such phosphonium ions and the like. • , - - 
[0041] The rare earth ternary complex of the present inventipn has a llgand represented by Z in formula (1). The 
ligand Z is at least one ligand selected from the group consisting of the following (A) to (D). 

(A) a ligand represented by the following formula (A): 




wherein R\ R^, and R^ are the same or different and are each a hydrogen atom, a deuterium atom, an alkyl 
group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 22 carbon atoms, an aromatic group, or an 
aryloxy group, and these groups may be substituted with deuterium; at least one of R\ R^, and R^ is an aromatic 
group or an aryioxy group; X is a phosphorus or sulfur atom; m1 is .0 or 1 ; and when X is a phosphorus atom, m3 
is 1 , and when X Is a sulfur atom, m3 is 0, 
(B) a ligand represented by the following formula (B): 
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wherein RV, R^'. and R^' are the same or different and are each a hydrogen atom, a deuterium atom, an 
alkyi group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 20 carbon atoms, or an aromatic group, 
and these groups may be substituted with deuterium; at least one of R^', R^\ and R^' is an aromatic group; ml ' is 
O or 1; and m3' Is 1, 

(C) a ligand which is a nitrogen-containing aromatic compound with monodentate coordiniation to M, and 

(D) a ligand which is a nitrogen-containing aromatic compound with bidentate coordination to M. 

[0042] In fonnula (A), R\ R^, and R^ are the same or different and are each a hydrogen atom, a deuterium atom, 
an alkyI group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 20 carbon atoms, an aromatic group, or an 
aryloxy group, and these groups may be substituted with deuterium. At least one of R\ R2, and R3, though, is an 
aromatic group or an aryloxy group. R^. R2, and R^ are preferably hydrogen atoms, alkyI groups having 1 to 20 carbon 
atoms, alkyloxy groups having 1 to 20 carbon atoms, aromatic groups, aryloxy groups, or these groups substituted 
with deuterium. AlkyI groups having 1 to 20 carbon atoms, aromatic groups and the like are particularly preferable. 
[0043] In formula (A), X is a phosphorus or sulfur atom. 
[0044] Infonmula (A). m1 isOor 1. 

[0045] In formula (A), when X is a phosphorus atom, mS Is 1 , and when X is a sulfur atom. m3 is 0. • 
[0046] , The following are examples of the ligand represented by formula (A). When X is a phosphorus atom; examples 
include triphenylphosphine, triphenylphosphine oxide, triphenyl phosphite, and the like. When X is a sulfur atom, ex- 
amples.include diphenyl sulfide, diphenyl sulfoxide, and the like. 

[0047] In fonnula (B), R^*, R2', and R3' are the same or different and are each a hydrogen atom, a deuterium atom, 
an alkyl.group having 1 to 2Q,.carbpn atoms, an alkyloxy group having 1 to 20 carbon atoms, or an aromatic-group; and 
these groups may be substituted with deuterium. At least one of R^\ R^'. and R^', though, is an aromiatic group. R^', 
R2\ and R3'.are preferably hydrogen atoms, alkyhgroups having 1 to 20 carbon atoms, alkyloxy groups having 1 to 20 
carbon atoms, aromatic groups or. these groups substituted with deuterium. AlkyI groups having 1 to 20 carbon atoms, 
aromatic groups, and the like are particularly preferable. 
[0048] In formula (B), m V is 0 or 1 , and preferably 0. 
[0049] In formula (B), m3' Is 1. 

[0050] Examples of the ligand represented by formula (B) include triphenylamine, diphenylamine, aniline, iand the 
like. Triphenylamine, diphenylamine, and the like, are particulariy preferable as the ligand represented by formula (B); 
[0051] Examples of the alkyI groups having 1 to 20 carbon atoms represented by R^ R^, R3, R^', R2', and R^" include 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl. tetradecyl, pentadecyl, 
hexadecyl, heptadecyl, octadecyl, nonadecyl, icosyl groups and the like. The carbon number of the alky! groups rep- 
resented by R^ R2, R3, R^'. R2', and R3* is usually 1 to 20. preferably 1 to 8, and particularly preferably 1 to 4. 
[0052] The alkyI groups having 1 to 20 carbon atoms represented by R\ R2, R3, R^', R2'. and R3* may be straight- 
chain or branched-chain. 

[0053] Examples of the alkyloxy groups having 1 to 20 carbon atoms represented by R\ R2, R3, R1', R2', and R3' 
include methoxy, ethoxy, propyloxy, pentyloxy groups and the like. The carbon number of the alkyloxy groups is usually 
1 to 20, preferably 1 to 8, and particularly preferably 1 to 4. 

[0054] Examples of the aromatic groups represented by R^ R2, R3, Ri', R2\ and R3' Include phenyl group; tolyl and 
other such phenyl groups having alkyI substituents having 1 to 3 carbon atoms; chlorophenyl and other such phenyl 
groups having halogen substituents (such as chlorine, fluorine, bromine, etc.); naphthyl group, and the like. 
[0055] Examples of the aryloxy groups represented by R\ R2, and R^ include phenoxy group; methylphenoxy and 
other such phenoxy groups having alkyI substituent(s) having 1 to 3 carbon atoms; chlorophenoxy and other phenoxy 
groups having halogen substituents (such as chlorine, fluorine, bromine etc.); the naphthyloxy group; and the like. 
[0056] The various groups indicated by R^ R2, R3 R1'. R2', and R3' may also be substituted with deuterium. 
[0057] In view of the luminescence intensity, at least one of R\ R2, and R3 in the ligand represented by fonnula (A) 
is preferably an aromatic group. All of R\ R2. and R^ are more preferably aromatic groups, and particularly preferably 
phenyl groups. 

[0058] In view of the luminescence Intensity, at least one of R^;, R2', and R^' In the ligand represented by fonnula 
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(B) is preferably an aromatic group. All of R^', R^', and R^' are more preferably aromatic groups, and particularly pref- 
erable phenyl groups. 

[0059] . Examples of the ligand that is a nitrogen-containing aromatic compound with monodentate coordination to M 
include pyridine, pyrazine, pyrimidine, pyridazine, triazine and the like. Pyridine is preferable as the nitrogen-containing 
5 aromatic compound with monodentate coordination to M. 

[0060] Examples of the ligand that is a nitrogen-containing aromatic compound with bidentate coordination to M 
include bipyridine (such as 2,2'-bipyrtdine), phenanthroline (such as I.IO-phenanthroline). and the like. 2,2'-bipyridine 
and 1 ,10-phenanthroline are preferable as the nitrogen-containing aromatic compound with bidentate coordination to 
M. 

10 [0061] In terms of the luminescence intensity and chemical stability of the rare earth ternary complex represented 
by formula (1), a complex wherein Z is a ligand represented by formula (A) is preferable, and a complex wherein X in 
formula (A) is a phosphorus atom Is more preferable. 

[0062] The ligand represented by Z is preferably triphenylphosphlne, triphenylphosphlne oxide, diphenyl sulfide, 
diphenyl sulfoxide, pyridine, bipyridine. phenanthroline. or the like. 
15 [0063] m2 is the coordination number of the ligand represented by Z in the complex represented by formula (1). m2 
is an integer from 1 to 1 0 when Z is at least one ligand selected from the group consisting of (A) to (C), and is an integer 
from 1 to 5 when Z is at least one ligand selected from among (D). 

[0064] When Z is at least one ligand selected from the group consisting of (A) to (C). m2 is preferably 2, 6, or 8, and 
particulariy preferably 8. 

20 [0065] When Z is at least one ligand selected from among (D), m2 is preferably 1 , 3. or 4, and particulariy preferably 
4. Specific examples of the rare earth ternary complex represented by formula (1) include the following complexes. In 
the following formulas, x represents a number from 1 to 22. 

a rare earth ternary complex of [(CxF2x+iS02)2N]n2'^ and triphenylphosphlne, 
25 • a rare earth ternary complex of [(CxF2x+iS02)2N]n2M and triphenylphosphi 
a rare earth ternary complex of [i(CxF2x+iS02)2N]n2M and diphen 

• a rare, earth ternary complex of [(CxF2x+iS02)2N]n2M and diphenyl sulfoxide. . .:■ . - , 

• a rare earth ternary complex of [(CxF2x+iS02)2N]n2M and diphenylamine, 

■' " a rare earth ternary complex of [(CxF2x+iSP2)2N]n^ . 
30' V '. : .a rare earth ternary. com , _•• 

• a rare earth ternary complex of [(CxF2x+i 802)2 N]n2M and pyridine, . . 

' a rare earth ternary complex of [(CxF2x+^ ' y:-r 

" • a rare earth ternary complex of '[(CxF2x+iS02)2N]n2M and pherianthrolihe^ 

a rare earth Whary complex of [(CxCl2x+iS02)2N]n2M ah^ 
35 - a rare earth ternary complex of [(CxCl2x+i S02)2Nln2M and triphenylphosphlne oxide, 

a rare earth ternary complex of [(CxCl2x+iS02)2N]n2M and diphenyl sulfide, 

a rare earth ternary complex of [(CxCl2x+iS02)2N]n2N and diphenyl sulfoxide, 

a rare earth ternary complex of [(CxCl2x+iS02)2Nln2M and diphenylamine. 
V a rare earth ternary complex of [(CxCl2x+iS02)2N]n2M and triphenylamine, . 
40 • a rare earth ternary complex of [(CxCl2x^iS02)2N]n2M and aniline, 

a rare earth ternary complex of [(CxCl2x+iS02)2N]n2M and pyridine, 

a rare earth ternary complex of ((CxCl2x+iS02)2N]n2M and bipyridine. 

a rare earth ternary complex of [(CxCl2x+iS02)2N]n2M and phenanthroline, 

a rare earth ternary complex of [(C6F5S02)2N]n2M and triphenylphosphlne, 
45 • a rare earth ternary complex of [(C6F5S02)2N]n2M and triphenylphosphlne oxide, 

a rare earth ternary complex of [(CeF5S02)2N]n2M and diphenyl sulfide, 

a rare earth ternary complex of [(CeF5S02)2N]n2M and diphenyl sulfoxide, 

a rare earth ternary complex of [(C6F5S02)N]n2M and diphenylamine, 

a rare earth ternary complex of [(C6F5S02)2N]n2M and triphenylamine, 
so - a rare earth ternary complex of [(C6F5S02)2N]n2M and aniline, 

a rare earth ternary complex of [(C6F5S02)2N]n2M and pyridine, 

a rare earth ternary complex of [(C6F5S02)2N]n2M and bipyridine, and 

a rare earth ternary complex of [(C6F5S02)2N]n2M and phenanthroline. 

55 [0066] The following are further examples of the complexes. 

• The complexes listed below, having a [(CxFzx-iS02)2N]n2M structure (wherein CxFjx-i is a perfluoroalkenyl group, 
and x is an integer from 2 to 22) 



10 



, EP 1318 143 A1 

• a rare earth ternary complex of ((CjtF2x.iS02)2N]n2M (x = 2 to 22) and triphenylphosphine 
a rare earth ternary cornplex of [(CxF2x-iS02)2N],^M (X = 2 to 22) and triphenylphosph^^ 

• a rare earth ternary cornplex of [(CxFgx-iSOaiaNlnaMjx = 2 to 22) and diphenyl sulfide 

a rare earth ternary complex of [(Cj,F2x.iS02)2N]n2M (x = 2 to 22) and diphenyl sulfoxide 
5 • a rare earth ternary complex of [(CxF2x.iS02)2N]n2M(x = 2 to 22) and diphenylamine 

a rare earth ternary complex of [(CxF2x.iS02)2N]n2M (x = 2 to 22) and triphenylamine 
a rare earth ternary complex of [(CxF2x.iS02)2N]n2M (X = 2 to 22) and aniline 
a rare earth ternary complex of ((CxF2x-iS02)2Nln2M (x = 2 to 22) and pyridine 

• a rare earth ternary complex of [(CxP2x.iS02)2N]n2M (x = 2 to 22) and bipyridine 

10 • a rare earth ternary complex of l{CxF2x.iS02)2N]n2M (x = 2 to 22) and phenanthroline 

* The complexes listed below, having a (CxCl2x^^S02)2N]n2M structure (wherein CxCl2x.i is a perchloroalkenyl group, 
and X is an integer from 2 to 22) 

15 • a rare earth ternary complex of [(CxCl2x.iS02)2N]n2M (x = 2 to 22) and triphenylphosphine 

a rare earth ternary complex of [(CxCl2x.iS02)2N]n2M (x = 2 to 22) and triphenylphosphine oxide 
a rare earth ternary complex of [(CxCl2x-iS02)2N]n2M (x = 2 to 22) and diphenyl sulfide . 
a rare earth ternary complex of (CxCl2x-iS02)2N]n2M (X = 2 to 22) and diphenyl sulfoxide 
a rare earth ternary complex of [(CxCl2x.iS02)2N]n2M (x = 2 to 22) and diphenylamine 

20 - a rare earth ternary complex of [(CxCl2x.iS02)2N]n2M (x = 2 to 22) and triphenylamine 

a rare earth ternary complex of [(CxClgx-i 802)2 N]n2M (x = 2 to 22) and aniline 
a rare earth ternary complex of [(CxCl2x.iS02)2N]n2M (x = 2 to 22) and pyridine 
a rare earth ternary complex of [(CxCl2x.i 802)2 N]n2M (x = 2 to 22) and bipyridine 
a rare earth temary complex of [(CxCl2x.iS02)2N]n2M (x = 2 to 22) and phenanthroline 

- ♦ The complexes listed-below, having a [(CF3-C6F4S02)2N]n2M stmcture - " 

... . .... • * .• - • - . • , - .. , 

• a rare earth ternary complex of [(CF3-C6F4S02)2N]n2M and triphenylphosphine . . .r....:... ....... . 

- -. a rare earth ternary complex of [(CF3-C6F4S02)2N]n2M and triphenylphosphine oxide • - 

- -30. :.„• a rare earth temary complex of [(CF3-C6F4SO)2N]n2M..and diphenyl sulfide • ^i^.--^ : ..^^.r^^:-.- ~ . : .:, 

- .a rare earth ternary complex of [{CF3-C6F4S02)2N]n2M and diphenyl sulfoxide " ' ■ . 
. a rare earth ternary complex of [(CF3-C6F4S02)2N]n2M and diphenylamine * 

... - : a rare earth ternary complex of [(CF3-C6F4S02)2N]n2M and triphenylamine . . ^ .. v. - 

• a rare earth ternary complex of [(CF3-C6F4S02)2N]n2M and aniline 
35 • a rare earth ternary complex Of [{CF3-C6F4S02)2N]n2M and pyridine 

• . a rare earth temary complex of [(CF3-C6F4S02)2Nln2M and bipyridine 

■ a rare earth ternary complex of [(CF3-C6F4S02)2N]n2M and phenanthroline 

* The complexes listed below, having a [(CCl3-C6Cl4S02)2N]n2Mlstructure 

40 

a rare earth temary complex of [(CCl3-C6Cl4S02)2N]n2M and triphenylphosphine 
a rare earth temary complex of [(CCl3-C6Cl4S02)2N]n2M and triphenylphosphine oxide 
a rare earth temary complex of [(CCl3-C6Cl4S02)2N]n2M and diphenyl sulfide 
a rare earth temary complex of [(CCl3-C6Cl4S02)2N]n2M and diphenyl sulfoxide 

45 • a rare earth ternary complex of [(CCl3-C6Cl4Sp2)2N]n2M and diphenylamine 

a rare earth temary complex of [{CCl3-C6Cl4S02)2N]n2M and triphenylamine 
a rare earth temary complex of [(CCl3-C6Cl4S02)2N]n2M and aniline 
a rare earth temary complex of [(CCl3-C6Cl4S02)2N]n2M and pyridine 
a rare earth temary complex of [(CCl3-C6Cl4S02)2N]n2M and bipyridine 

so ■ a rare earth temary complex of [(CCl3-C6Cl4S02)2N]n2M and phenanthroline 

* The complexes listed below, having a [(CxF2x+iS02) (CyF2y+iS02)Nln2M structure (wherein x and y are different 
from each other, and are each an integer from 1 to 22) 

55 - a rare earth ternary complex of [(CxFg+iSOg) (CyF2y+iS02)N]n2M (x, y = 1 to 22) and triphenylphosphine 

a rare earth ternary complex of (CxF2x+iS02) (CyF2y^iS02)N]r^|y/l (x. y = 1 to 22) and triphenylphosphine oxide 

• a rare earth ternary complex of [(CxFgx+iSOg) (CyF2y+iS02)N]n2M (x, y = 1 to 22) and diphenyl sulfide 

• a rare earth temary complex of I(CxF2x+iS02) (CyFgy+iSOajNjngM (x, y = 1 to 22) and diphenyl sulfoxide 
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« 

a rare earth ternary complex of [(CxF2x+iS02) (CyF2y+iS02)N]^M (x, y = 1 to 22) and diphenylamine 
a rare earth ternary complex of [(CxPg^+iSOg) (CyF2y^.iS02)N]n2M (x. y = 1 to 22) and triphenylamlne . 
a rare earth ternary complex of [(CxFgx+iSOg) (CyF2y+^S02)N]n2M (x, y = 1 to 22) and aniline 
a rare earth ternary complex of [(CxF2x+iS02) (CyF2y+iS02)N]r^M (x, y = 1 to 22) and pyridine 
5 • arareearthtemarycomplexof[(CxF2x+iS02)(CyF2y+iS02)N]n2M(x, y=1 to22)andbipyrldine 

a rare earth ternary complex of [(CxF2x+iS02) (CyF2y^^S02)N]n2M (x. y = 1 to 22) and phenanthroUne 

* The complexes listed below, having a I(CxCl2x+iS02) (CyCl2y+iS02)N]n2M structtjre (wherein x and y are different 
from each other, and are each an integer from 1 to 22) 

10 

a rare earth temary complex of [(CxCl2x+iS02) (CyCl2y4iS02)N]n2M (x, y = 1 to 22) and triphenylphosphine 
a rare earth temary complex of [(CxCl2x+^S02) (CyCl2y^^S02)N]n2M (x. y - l to 22) and triphenylphosphine 
oxide 

a rare earth ternary complex of [(CxCl2x+iS02) (CyCl2y+iS02)N]n2M (x, y = 1 to 22) and diphenyl sulfide 
15 • a rare earth ternary complex of t(CxCl2x+iS02) (CyCl2y+iS02)N]n2M (x, y = 1 to 22) and diphenyl sulfoxide 

a rare earth ternary complex of [(CxCl2x+iS02) (CyCl2y+iS02)N]n2M (x, y = 1 to 22) and diphenylamine 
V a rare earth ternary complex of [(CxCt2x+iS02) (CyCl2y4.iS02)N]n2M (x, y = 1 to 22) and triphenylamlne 

a rare earth ternary complex of [(CxCl2x+iS02) (CyCl2y+iS02)N]n2M (x, y = 1 to 22) and aniline 

a rare earth ternary complex of [(CxCl2x+iS02) (CyCl2y+iS02)N]n2M (x, y = 1 to 22) and pyridine 
20 • a rare earth ternary complex of [(CxCl2x+iS02) (CyCl2y+iS02)N]n2M (x. y = 1 to 22) and bipyridine 

• a rare earth ternary complex of [(CxClgx+iSOg) (CyCl2y+iS02)N]n2M (x, y = 1 to 22) and phenanthroline 

* The complexes listed below, having a [(CxF2xi.iS02) (CyCl2y+iS02)N]n2M structure (wherein x and y are the same 
or different, and are each an Integer from 1 to 22) 

• a rare earth ternary complex of [(CxF2x+iS02) (CyCl2y+iS02N]n2M (x, y = 1 to 22) and triphenylphosphine 

a rare earth ternary complex of [(CxF2x+iS02) (CyCl2yVi S02)N]n2M (x, y=1 to 22) and triphenylphosphine oxide 
a rare earth temary complex of [(CxF2x+iS02) (CyCl2y+iS02)N]n2M (x, y = 1 Jo 22) and diphenyl sulfide, 
a rare earth ternary complex of [(CxF2x+iS02) (CyCl2y;iS02)N]„2M (x, y = 1 -to 22) arid djphenyl sulfoxide 
3d . _ • a r.are earth ternary complex of. ((CxF2x+iS02) (CyCl2y+iS02)N]n2M (x, y = 1 to:22) ahd djphenylamine 1, 

a rare earth ternary complex of [(CxF2x+iSb2) (CyCl2y+iS02)N]n2M (x. y = 1 to 22) ahd triphenyjamine 
a jare earth ternary complex of [{CxF2x+iS02) (CyCl2y+iS02)N]n2M (x, y = 1 to 22) and aniline 

■ a rare earth ternary complex of [(CxF2x+iS02)(CyCl2y^ . ' ; . 

• a rare earth temary complex of [(CxF2x+iS02) (CyCl2y+iS02)N]n2M (x, y = 1 to 22) and bipyridine 

35 -a rare earth temary complex of [(CxF2x+iS02) (CyCl2y^.iS02)N)n2M (x. y = 1 to 22) and phenanthroline 

* The complexes listed below, having a [(CxF2x.iS02)(CyF2y.iS02)N]^M structure (wherein 

each a perf luoroalkenyl group, x and y are different from each other, and x and y are each an integer from 2 to 22) 

40 - a rare earth temary complex of [(CxF2x.iS02) (CyF2y.iS02)N]n2M (x, y = 2 to 22) and triphenylphosjahine 

a rare earth temary complex of [(CxF2x.iS02) (CyF2y.iS02)N]^M (x, y = 2 to 22) and triphenylphosphine oxide 
a rare earth temary complex of [(CxF2x.iS02) (CyF2y.iS02)N]n2M (x, y = 2 to 22) and diphenyj ulfide 
a rare earth ternary complex of [(CxF2x.iS02) (Cy F2y.i S02)N]n2M (x, y = 2 to 22) and diphenyl sulfoxide 
a rare earth ternary complex of [(CxF2x.iS02)(CyF2y.iS02)N]n2M (x, y = 2 to 22) and diphenylamine 

45 . • a rare earth temary complex of [(CxF2x.iS02) (CyF2y.iS02)N]^M (x, y = 2 to 22) and triphenylamlne 

■ a rare earth ternary complex of [(CxF2x.iS02) {CyF2y.iS02)N]n2M (x, y = 2 to 22) and aniline 
a rare earth ternary complex of ((CxF2x.iS02) (CyF2y.iS02)N]n2M (x. y = 2 to 22) and pyridine 
a rare earth ternary complex of [(CxF2x.iS02) (CyF2y.^S02N]n2M (x, y = 2 to 22) and bipyridine 

• a rare earth ternary complex of [{CxF2x.iS02) (CyF2y.iS02)N]n2M (x, y = 2 to 22) and phenanthroline 

so 

* The complexes listed below, having a [(CxCl2x.iS02) (CyCl2y.iS02)N]n2M structure (wherein CxCl2x.i and CyCl2y.i 
are each a perchloroalkenyl group, and x and y are different from each other, and x and y are each an integer from 
2 to 22) 

55 - a rare earth ternary complex of ((CxCl2x.iS02) (CyCl2y.iS02)N]n2M (x. y = 2 to 22) and triphenylphosphine 

a rare earth ternary complex of [(CxCl2x.i SO2) (CyCl2y.i SO2) N]n2M (x, y = 2 to 22) and triphenylphosphine oxide 
a rare earth temary complex of [(CxCl2x.iS02) (CyCl2y.iS02)N]n2M (x, y = 2 to 22) and diphenyl sulfide 
a rare earth temary complex of [(CxCl2x.iS02) (CyCl2y-iS02)N]n2M (x. y = 2 to 22) and diphenyl sulfoxide 
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a rare earth ternary complex of [(C^CIgx-iSOa) (CyCl2y.iS02)N]n2M (x, y = 2 to 22) and diphenyiamlne 
a rare earth ternary complex of [(CxClgx-iSOg) (CyClgy-iSOgiNlngM (x, y = 2 to 22) and triphenylamine 

• a rare earth ternary complex of [(CxClax-iSOa) (CyClgy-iSOgiNlnaM (x, y = 2 to 22) and aniline 
a rare earth ternary complex of [(CxClgx-iSOg) (CyClgy.iSOgiNlr^M (x. y = 2 to 22) and pyridine 

5 • a rare earth ternary complex of [(CxCl2x.iS02) (CyCl2y.iS02)N]n2M (x, y = 2 to 22) and bipyridine 

• a rare earth ternary complex of t(CxCl2x-iS02) (CyCl2y.iS02)N]n2l^ (x, y = 2 to 22) and phenanthroline 

* The complexes listed below, having a [(CxF2x.iS02) (CyCl2y.iS02)N]n2M structure (wherein CxF2x.i is a-perfluor- 
oalkenyt group and CxClgx.i is a perchloroalkenyl group, and x and y are the same or different and are each an 

10 integer from 2 to 22) 

a rare earth ternary complex of [(CxFgx-iSOg) (CyCl2y.iS02)N]n2M (x. y = 2 to 22) and triphenylphosphine 
a rare earth ternary complex of [(CxF2x-iS02) (CyCl2y.iS02)N]^M (x, y = 2 to 22) and triphenylphosphine oxide 
a rare earth ternary complex of [(CxF2x.iS02) (CyCl2y.iS02)N]n2M (x, y = 2 to 22) and diphenyl sulfide 

15 - a rare earth ternary complex of [(CxF2x.iS02) (CyCl2y.iS02)N]^M (x, y = 2 to 22) and dipheny) sulfoxide 

a rare earth ternary complex of [(CxF2x.iS02) (CyC!2y.iS02)N]n2M (x, y = 2 to 22) and diphenylamine 
a rare earth ternary complex of [(CxF2x.iS02) (CyCl2y.iS02)N]^M (x, y = 2 to 22) and triphenylamine 
a rare earth ternary complex of t(CxF2x+iS02) (CyCl2y.iS02)Njn2M (x, y = 2 to 22) and aniline 
a rare earth ternary complex of (CxF2x.iS02) (CyCl2y.iS02)N]r^M (x, y = 2 to 22) and pyridine 

20 ' a rare earth ternary complex of [(CxFgx.iSOa) (CyCl2y.iS02)N]n2M (x, y = 2 to 22) and bipyridine 

a rare earth ternary complex of l(CxF2x.iS02) (CyCl2y.iS02)N]n2M (x, y = 2 to 22) and phenanthroline 

♦ The complexes listed below, having a [(C6F5SO2) {CxF2x+iS02)N]n2M structure (wherein x is an integer from 1 to 
22) 

25 

a rare earth ternary complex of [(C6F5SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and triphenylphosphine " 
-. ' • a rare earth ternary complex of [(C6F5SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and triphenylphosphine oxide 

• a rare earth terriary complex of [(C6F5SO2) (CxF2x;-iS02)N]h2N (x = 1 to 22) and diphenyl sulfide 

■ - ; - a rare earth ternary complex of [{C6F5S02) (CxF2x+iSO2)N];^M (x =-1 to 22),and diphenyl sulfoxide ~ ^ • ; 

\3p • : a.rare earth ternary complex of [(CgF5S02) (CxF2x4.NS02)N]^M (x=-V^^^ 

■ a rare earth ternary complex of [(CeF5S02) (CxF2x+iS02)l^l]n2M-(x = 1 to 22).and triphenylamine 
a rare earth ternary complex of ((C6F5SO2) (CxF2x+iSb2)N]n^Ki(x = i tp 22) an y . . - 

• ' a rare earth ternary complex of [(C6F5SO2) (CxF2x+iS02)N)n2M (x = 1 to 22);ahd pyridine • 
a rare earth ternary complex of [(C6F5S62) (CxF2x+iS02)N]n2M (x =: 1 to 22) and bipyridine 
35 - a rare earth ternary complex of [(CeF5S02) (CxF2x+^S02)N]n2M (x = 1 to 22) and phenanthroline 

* The complexes listed below, having a [(CF3-C6F4SO2) (CxF2x+i S02)N]n2M structure (wherein x is an integer from 
1 to 22) 

40 - a rare earth ternary complex of [(CF3-C6F4SO2) (CxF2x+iS02)N]n2l^ (x = 1 to 22) and triphenylphosphine 

a rare earth ternary complex of [(CF3-C6F4SO2) (CxF2x+iS02)N]n2lVI (x = 1 to 22) and triphenylphosphine oxide 
a rare earth ternary complex of [(CF3-C6F4SO2) (CxF2x+iS02)N]n2N (x = 1 to 22) and diphenyl sulfide 
a rare earth ternary complex of [(CF3-CeF4S02) (CxF2x^iS02)N]n2N (x = 1 to 22) and diphenyl sulfoxide 
a rare earth ternary complex of [(CF3-C6F4SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and diphenylamine 

45 • a rare earth ternary complex of [(CF3-C6F4SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and triphenylamine . 

a rare earth ternary complex of ((CF3-C6F4SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and aniline 
a rare earth ternary complex of [(CF3-C6F4SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and pyridine \ 
a rare earth ternary complex of [(CF3-C6F4SP2) (CxF2x^iS02)N]n2M (x = 1 to 22) and bipyridine 
a rare earth ternary complex of [(CF3-C6F4SO2) (CxF2x+iS02)Nln2M (x = 1 to 22) and phenanthroline 

so 

• The complexes listed below, having a [(CCI3-C6CI4SO2) (CxF2x+iS02)N]n2M structure (wherein x is an integer from 
1 to22) 

a rare earth ternary complex of [(CCI3-C6CI4SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and triphenylphosphine 
55 - a rare earth ternary complex of [(CCI3-C6CI4SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and triphenylphosphine 

oxide 

a rare earth ternary complex of [(CCI3-C6CI4SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and diphenyl sulfide 
a rare earth ternary complex of [(CCI3-C6CI4SO2) (CxF2x4.iS02)N]n2M (x = 1 to 22) and diphenyl sulfoxide 
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\. 

• a rare earth ternary complex of [(CCIa-CgCUSOg) (CJF2x^^S02Mj^M (x = 1 to 22) and diphenylamine 

• a rare earth ternary complex of [{CCIa-CgCUSOa) (CxF2^^iS02)N]n2M (x = 1 to 22) and triphenylamlne. 
- a rare earth ternary complex of [(CCI3-C6CI4SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and aniline 

• a rare earth ternary complex of [(CCI3-C6CI4SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and pyridine 

• a rare earth ternary complex of [{CCI3-C6CI4SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and bipyridine 

• a rare earth ternary complex of [(CCIa-CgCUSOg) (GxF2x+iS02)Nln2M (x = 1 to 22) and phenanthroline 

The complexes listed below, having a [(CeCigSOa) (CxF2x+iS02)N]n2M stmcture (wherein x is an integer from 1 
to 22) 

• a rare earth ternary complex of [(CeClgSOg) (CxF2x+iS02)N]n2M (x = 1 to 22) and triphenylphosphine 

• a rare earth ternary complex of [(CeClgSOg) (CxF2x+iS02)N]n2M (x =s 1 to 22) and triphenylphosphine oxide 

• a rare earth ternary complex of [(CeClgSOg) (CxFgx+iSOa^NlngM (x = 1 to 22) and diphenyl sulfide 

• a rare earth ternary complex of [(CeClgSOg) {CxF2x+iS02)N]n2M (x = 1 to 22) and diphenyl sulfoxide 

• a rare earth ternary complex of [(C6CI5SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and diphenylamine 

• a rare earth ternary complex of [(CgClsSOg) (CxF2x+iS02)N]n2M (x = 1 to 22) and triphenylamlne 

• a rare earth ternary complex of [(CeClgSOa) (CxF2x+iS02)N]n2M (x = 1 to 22) and aniline 

• a rare earth ternary complex of [(CeClgSOg) (CxF2x+i S02)N]n2M (x = 1 to 22) and pyridine 
a rare earth ternary complex of [(C6CI5SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) and bipyridine . 

• a rare earth ternary complex of [(CgClsSOg) (CxF2x+nS02)N]n2M (x = 1 to 22) and phenanthroline 

The complexes listed below, having a [(CeFgSOg) (CxCl2x+iS02)N]n2M structure (wherein x is an integer from 1 
to 22) 

• a rare earth.ternary complex of -[(C6F5SO2) (CxCl2x+iS02)N]n2M (x = 1 to 22) and triphenylphosphine 
a rare earth ternary complex of [(C6F5SO2) (CxCl2x+iS02)N]^M (x = 1 to 22) and triphenylphosphine oxide 

• , a, rare earth temary cornplex of [(C6F5SO2) (CxCl2+iS02)N] (x = 1 to 22) and diphenyl sulfide 

• a rare earth ternary complex of [{C6F5SO2) (CxCl2x+iS02)N]n2M (x = 1 to 22) and diphenyl sulfoxide 

• ' : a rare earth temary complex of [(C6F5SO2) (CxCl2x+iSP2)N]n2M (x = 1 to 22).and diphenylamirie. 

• a rare earth ternary, complex of [(C6F5SO2) (CxClgx+i S02)N]n2M (x to 22) and triphenylamlne ■ 

• a rare earth ternary complex of [(CeFsSOg) (CxClgx+iSOgjNl^M (x = 1 to 22) and aniline- 

• a rare earth ternary complex of [(C6F5S.02).(CxCl2~x+i S02)N]rt2M (x = 1 to 22) and pyridine . 

• arareearthtema!7Complex.of(C6F5Sp2).(CxCl2x+iS02)N]^M (x =1 to 22) and bipyridine 

• a rare earth ternary complex of [(CeFgSOg) (CxCl2x+iS02)N]n^M (x = 1 to 22) and phenanthroline 

The complexes listed below, having a [(CgClsSOg) (CxCl2x+iS02)N]n2M structure (wherein x is an integer from 1 
to 22) . • - 

• a rare earth temary complex of [(CgClsSOa) (CxCl2x+iS02)N]n2M (x = 1 to 22) and triphenylphosphine 
- a rare earth ternary complex of [(CgCIsSOg) (CxCl2x+iS02)N]n2M (x = 1 to 22 ) and triphenylphosphine oxide 

• a rare earth ternary complex of [(C6CI5SO2) (CxCl2x+iS02)N]n2M (x = 1 to 22) and diphenyl sulfide 

• a rare earth temary complex of [(C6CI5SO2) (CxCl2x+iS02)N]n2N (x = 1 to 22) and diphenyl sulfoxide 

• a rare earth ternary complex of [(C6CI5SO2) (CxCl2x+iS02)N]n2M (x = 1 to 22) and diphenylamine 

• a rare earth temary complex of [(CeClgSOg) (CxCl2x+iS02)N]n2M (x = 1 to 22) and triphenylamlne 

• a rare earth temary complex of [(CeClgSOa) (CxCl2x+iS02)N]n2M (x = 1 to 22) and aniline 

• a rare earth temary complex of [(C6CI5SO2) (CxCl2x^.iS02)N]n2M (x = 1 to 22) and pyridine 

• a rare earth ternary complex of [(CeClgSOa) (CxCl2x+iS02)N]n2M (x = 1 to 22) and bipyridine 

• a rare earth ternary complex of [(CeClgSOa) (CxCl2x+iS02)N]n2M (x = 1 to 22) and phenanthroline 

[0067] Examples of preferable complexes include those listed below, in which x in the following formulas is an integer 
from 1 to 10. 

a rare earth ternary complex of [(CxF2x+iS02)2N]n2M and triphenylphosphine 

• a rare earth ternary complex of ((CxFgx+i 802)2 N]n2M and triphenylphosphine oxide 

• a rare earth temary complex of [(CxF2x^.iS02)2N]n2M and diphenyl sulfide 

• a rare earth temary complex of [(CxF2x+iS02)2N]n2M and diphenyl sulfoxide 
a rare earth ternary complex of [(CxF2x+iS02)2N]n2M and diphenylamine 

a rare earth ternary complex of [{CxFgx+i S02)2N]n2M and triphenylamlne 
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a rare earth ternary complex of [(CxF2x+iS02)2N]n2M and aniline 
a rare earth ternary complex of [(CxF2x+iS02)2N]n2M and pyridine 

• a rare earth ternary complex of [(CxF2x+iS02)2N]n2M and bipyridine 

a rare earth ternary complex of [(CxF2x^iS02)2N]n2^ phenanthroline 

5 

[0068] Further examples of preferable complexes include those listed below. 
^ The complexes listed below, having a [(CCl3-CeCl4S02)2N]n2M structure 

10 . • a rare earth ternary complex of [(CCl3-C6Cl4S02)2N]n2M and triphenylphosphtne 

a rare earth ternary complex of [(CCl3-C6Cl4S02)2N]n2M and triphenylphosphine oxide 

a rare earth ternary complex of [(CCl3-C6Cl4S02)2N]n2M and diphenyl sulfide 

a rare earth ternary complex of [(CCl3-C6Cl4S02)2N]n2M and diphenyl sulfoxide 

a rare earth ternary complex of [(CCl3-C6Cl4S02)2N]n2M and diphenylamine 
15 0 a rare earth ternary complex of [(CCl3-CeCl4S02)2N]n2M and triphenylamine 

a rare earth ternary complex of [(CCl3-C6Cl4S02)2N]n2M and aniline 

a rare earth ternary complex of [(CCl3-C6Cl4S02)2N]n2M and pyridine 

a rare earth ternary complex of [(CCl3-C6Cl4S02)2N]ri2M and bipyridine 

a rare earth ternary complex of [(CCl3-C6Cl4S02)2N]n2M and phenanthroline 

20 

* The complexes listed below, having a [(CxF2x+i SO2) (CyF2y+iS02)N]n2M structure (wherein x and y are different 
form each other, and are each an integer from 1 to 10). 

a rare earth ternary complex of [(CxFax+iSOg) (CyF2y+iS02)N]n2M (x, y = 1 to 10) and triphenylphosphine 
. 25 . • arareearthtemaiycomplexof[(CxF2x+iS02)(CyF2y+iS02)N]n2M(x,ys=1 to10)andtriphenylphosphineoxid 
. . • . a rare earth ternary complex of [(CxFg^+iSOg) (CyF2yViS02)Nln2N (x^ y = 1 to 10) and diphenyl sulfide - : 
. „ ; • . a rare earth temary complex of [{C^Fg^+iSOg) (CyF2y+iS02)N]n2M (x. y = 1 to 10) and diphenyl sulfoxide 

• ... a rare earth ternary cornplex of [(CxFax+iSOg) (CyF2y+iS02)N]n2M (x, y = 1 to 10) and diphenylamlnie 

• a rare earth ternary complex of [(CxF2x+iS02) (CyF2y+iS02)N]n2N (x. y = 1 to 10) and triphenylamine * " •; 
30. - . ■ -arare earth ternary: cbmplexof [(CxF2x+iS02) (CyF2y+iS02)N]n2M (x. y = 1 to 10) and aniline - '-^ * 

- - • a rare earth ternary complex of t{CxF2x+iSG2) (CyF2y.;;iS02)N]n2M (x. y = 1 to 10) and pyridinie - "~ 

• a rare earth ternary complex-of I(CxF2x+iS02) (GyF2y;iS02)N]n2l^ (x, y = 1 to 10) and bipyridine ' 

a rare earth ternary complex of [(CxF2x+iS02) (eyF2y+iS02)Nln2M (x, y = 1 to 10) and phenanthroline 

35 • The complexes listed below, having a I(C6F5S02) (CxF2j,+iS02)N]n2M structure (wherein x is an integer from 1 to 
10) 

• a rare earth temary complex of [(C6F5SO2) (CxF2x+iS02)N]n2M (x = 1 to 10) and triphenylphosphine 

• a rare earth temary complex of [(C6F5SO2) {CxF2x+iS02)N]n2M (x = 1 to 10) and triphenylphosphine oxide 
40 ' a rare earth ternary complex of [(CgFsSOa) (CxF2x+iS02)N]n2M (x = 1 to 10) and diphenyl sulfide 

a rare earth ternary complex of [(C6F5SO2) (CxF2x+iS02)N]n2M (x = 1 to 10) and diphenyl sulfoxide 

• a rare earth temary complex of [(CeFgSOa) (CxF2x+iS02)N]n2M (x = 1 to 10) and diphenylamine 
a rare earth terriary complex of [(C6F5SO2) (CxF2x+iS02)N]n2M (x = 1 to 10) and triphenylamine 
a rare earth temary complex of [(C6F5SO2) (CxF2x+iS02)N]n2N (x = 1 to 10) and aniline 

45 . V a rare earth ternary complex of [(C6F5SO2) (CxF2x+iS02)N]n2M (x = 1 to 10) and pyridine 

a rare earth temary complex of [(C6F5SO2) (CxF2x+iS02)N]n2N (x = 1 to 10) and bipyridine 
a rare earth ternary complex of [(CgFsSOg) (CxF2x+iS02)Nln2M (x = 1 to 10) and phenanthroline 

[0069] Examples of particulariy preferable complexes include those listed below, in which x in the following formulas 
so is an integer fronri 1 to 4. 

a rare earth ternary complex of [(CxF2x+i 802)2 Nlna*^ triphenylphosphine, 
a rare earth ternary complex of [(CxF2x+iS02)2N]n2M and triphenylphosphine oxide, 
a rare earth ternary complex of [(CxF2x4.iS02)2N]n2M and diphenyl sulfoxide, 
55 . a rare earth ternary complex of [(CxF2x+i S02)2N]n2M and diphenylamine, 
a rare earth ternary complex of [(CxF2x+i S02)2N]n2'^ triphenylamine, 
a rare earth ternary complex of [(CxF2x+iS02)2N]n2M and pyridine, 
a rare earth ternary complex of [(CxF2x+iS02)2N]n2M and bipyridine. 
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a rare earth ternary complex of [(Cj(F2x+iS02)2N]^M and phenanthroline. 

[0070] A complex represented by the following formula (4) or (5) Is particularly preferable as the rare earth ternary 
complex represented by formula (1). 

5 

Formula (4) : 



10 



IS 




wherein M, n1 , and n2 are as defined above; Rf^ and Rf^ are the same or different and are each a perfluoroalkyt. 
group having 1 to 4 carbon atoms; and Ph is a phenyl group. 

[0071] The complex represented by formula (4) is a rare earth ternary complex in which the ligahd 2 Is represented 
by formula (A), and In formula (A), X is a phosphorus atom^ and R\ R^, and R3 are phenyl groups. 



-Formula (5) : 



35 




40 wherein M, n1 , and n2 are as defined above; Rf^ and Rf^ are the same or different and are each a perfluoroalkyi 

group having 1 to 4 carbon atoms; and Ph is a phenyl group. 

[0072] The complex represented by fomnula (5) is a rare earth ternary complex In which the ligand Z is represented 
by formula (A), and in formula (A), X is a sulfur atom, R^ and R2 are phenyl groups, and m3 is 0. 
[0073] Compared to heretofore rare earth ternary complexes in which triphenytphosphine was coordinated to a 
45 diketone rare earth complex, the complexes represented by formulas (4) and (5) exhibit higher relative luminescence 
intensity, far beyond expectation, and their misclbillty with various media is also greatly improved. 

Process for producing the rare earth ternary complex 

so [0074] The rare earth ternary complex of the present invention can be prepared by the following two methods, for 
example. 
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1 ) Process for producing a ternary complex by reacting a rare earth binary complex represented by the following formula 
(2) with a compound Z* 

[00751 




2) Process for producing a ternary complex by reacting the following three components 
[0076] 

a) A compound represented by fomiula (6): 



o==^s=o 

.■\ HN (6) 7 

'0=='!s=o 

Rf2 



wherein Rf and Rf2 are as defined in formula (1 ) , 

b) the compound Z\ and 

c) a rare earth metal compound. 

* • » ' 

1) Process for producing a ternary complex by reacting a rare earth complex represented by the following formula (2) 
with a compound Z' in a solvent 

[0077] This is a method for producing a rare earth ternary complex by mixing a compound represented by formula 
(2) with the compound Z'. 

[0078] A compound represented by formula (2) can be obtained by a known method. One example is a method in 
which a rare earth metal compound Is made to react with a compound represented by formula (6). Examples of the 
rare earth metal compound include the rare earth metal compounds that can be used in the "process for producing a 
ternary complex by reaction three components" described below. 

[0079] Specific examples of the rare earth complex represented by formula (2) include the following complexes. 
[0080] 1) N-symmetrical complexes: rare earth complexes having a ligand in which two Identical substituents are 
bonded to a nitrogen atom. In the following formulas, CxF2x.i is a perfluoroalkenyl group, and CxClgx.i is a perchloro- 
alkenyl group. 

• l(CxF2x+iS02)2N]n2M (X = 1 tO 22) 

• l(CxCl2x+iS02)2N]n2M(X=1 t0 22) 

• [(CxF2x.iS02)2N]n2M(x = 2to22) 
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• [(C^Cl2x.i S02)2Nln2M (x = 2 tO 22) 

• [(C6F5S02)2N]n2M 

• [(CF3-C6F4S02)2N]„2M 

• [(CCl3-C6Cl4S02)2N]n2M 

5 

[0081] 2) N-assymmetrical complexes: rare earth complexes having a ligand in which two different substituents are 
bonded to a nitrogen atom. In the following formulas, CxF2x-i and CyF2y.i are perfluoroalkenyl groups, and CxCl2x.i 
. and CyCt2y.i are perchloroalkenyl groups. 

10 . [(CxFgx+iSOa) (CyF2y+iS02)N]n2M (x and y are different from each other, and x. y = 1 to 22) 

• [(CxCl2x+iS02) (CyC!2y+iS02)N]n2M (x and y are different from each other, and x, y = 1 to 22) 

• [(CxFax+iSOg) (CyCl2y+nS02)N]n2M (x. y 1 to 22) 

' [(CxF2x-iS02) (CyF2y-iS02)N]n2M (x and y are different from each other, and x, y 2 to 22) 

• l(CxCl2x-iS02) (CyCl2y.iS02)N]n2M (x and y are different from each other, and x, y = 2 to 22) 
15 . . t(CxF2x.iS02)(CyCl2y.iS02)N]^M(x.y = 2to22) 

• l(C6F5S02)(CxF2x+iS02)N]^M (x=1 to22) 

- [(CF3-C6F4S02)(CxF2x+iS02)N]n2M (X = 1 to 22) 

■ [(CCI3-C6CI4SO2) (CxF2x+iS02)N]n2M (x = 1 to 22) 

• [(C6Cl5S02)(CxF2x+iS02)N]^M(x=1 to22) 
20 • l(C6F5S02)(CxCl2x+iS02)N]n2M(x=1 to22) 

• [(C6CI5SO2) (CxCl2x+iS02)Nln2M (X = 1 to 22) 

[0082] The following complexes are preferable as the rare earth complex represented by formula (2). 
25 N-symmetricai complexes: - - 

. :. • • ■ ■ • . " • • 

[0083] V 

■ ((CxF2xiiSO2)2N]n2M(x = 1tO.10) ' -, 
30 • [(C,Cl2x+iSO2)2N]n2M(X = 1tOl0) . ... •.. - . r-.. 

[(C6F5S02)2Nln2M • 

. • . , [(CCIa-CeCUSOafeNJnaM v.. 
N-assymmetrical complexes: 

35 

[0084] 

[(CXF2X+1SO2) (CyF2y+iS02)N]n2M (x and y are different from each other, and x, y = 1 to 10) 

• [(C6F5SO2) (CxF2x+iS02)N]„2M (x = 1 to 1 0) 

40 

[0085] The compound Z' used in the preparing of the complex is at least one compound selected from the group 
. consisting of the following (A) to (D). 

(A) a compound represented by the following formula (3) : 

45 . 



so 




55 wherein R^. and R^ are the same or different and are each a hydrogen atom, a deuterium atom, an alkyi 

group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 20 carbon atoms, an aromatic group, or an 
aryloxy group, and these groups may be substituted with deuterium; at least one of R\ R^, and R^ is an aromatic 
group or an aryloxy group; X is a phosphorus or sulfur atom; ml is 0 or 1; and when X Is a phosphorus atom, m3 
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is 1, and when X is a sulfur atom, mS is 0. 

(B) a compound represented by the following formula (B*):. 




wherein R^', and R®' are the same or different and are each a hydrogen atom, a deuterium atom, an 
alkyi group having 1 to 20 carbon atoms, an alkytoxy group having 1 to 20 carbon atoms, or an aromatic group, 
and these groups may be substituted with deuterium; at least one of R^', R^', and R^' is an aromatic group; ml' is 
Dor 1; and m3' is 1.. 

(C) a nitrogen-containing aromatic compound with monodentate coordination to M 

(D) a nitrogen-containing aromatic compound with bidentate coordination to M 

[0086] In the fomnulas (3) and (B'), the definitions of X. R\ R2. R3, Ri', R2', R3', ml, mS, m1\ and m3' are the same 
as defined in fomnulas (A) and (B). 

[0087] Examples of nitrogen-containing aromatic compound with monodentate coordination to M include pyridine, 
pyrazine, pyrimidine, pyridazine, triazine, and the like. Pyridine is preferable. 

[0088] Examples of the nitrogen-containing aromatic compound with bidentate coordination to M include bipyridine 
(such as 2,2'-bipyridine), phenanthroline (such as 1,10-phenanthroline),-and the like. 2,2'-bipyridine and 1,10-phenan- 
throline are preferable. . " 

[0089] There are no particular restrictions on the ratio in which the rare earth complex represented by formula (2) is 
mixed with the compound Z'. The amount of compound ZVper mole of the compound represented by formula (2) is 
usually about t to about 30 mol,-and preferably about 2 to'about 10 mol. 

[0090] In this method, a solvent may be added as needed. Namely, the compound represented by formula (2) rihay 
be made to react with the compound T in a solvent. 

[0Q91] The solvent is not limited, and any solvent can be- used. Examples include protic solvents, aprotic solvents, 
and the like. Examples of protic solvents include water, lower alcohols (such as methanol, ethanol, n-propanol, isoprp- 
panol, n-butanol, isobutanol, tert-butanol, etc.), and the like. Examples of aprotic solvents include ketones (such as 
acetone, methyl ethyl ketone, etc.), ethers (such as diethyl ether, tetrahydrofuran, etc.), hydrocarbon solvents (such 
as n-hexane, cyclohexane. etc), chlorine-containing solvents (such as chloroform, methylene chloride, etc.), DMF 
(dimethylformamide), DMSO (dimethyl sulfoxide), and the like. Lower alcohols, ketones. DMF, DMSO, and the like are 
preferable, 

[0092] The amount of solvent used is not limited, but Is usually about 1 to about 100 weight parts, and preferably 
about 1 to about 20 weight parts, when the total amount of the rare earth ternary complex represented by fomiula (2) 
and the compound Z* is 1 weight part. 

[0093] The system may be stirred as needed during the reaction. The reaction temperature is usually between room 
temperature and about 1 SO'^C, and preferably about 30 to about 100°C. The reaction time is usually about 0.1 to about 
30 hours, and preferably about 0.1 to about 6 hours. 

[0094] After the reaction, the solution can be concentrated as needed, and the obtained residue can be treated as 
needed by a known method such as liquid-liquid extraction, precipitation, or the like method to obtain a rare earth 
ternary complex. The obtained rare earth ternary complex may be further refined as needed by a known refining method 
such as recrystallization, column chromatography, sublimation, or the like. 

2) Process for producing a ternary complex by reacting three components 

[0095] This is a method for producing a rare earth ternary complex by mixing a compourid represented by formula 
(6), the compound Z\ and a rare earth metal compound. 

[0096] The compound represented by formula (6) is a precursor of the rare earth complex represented by formula 
(2). and is a compound in which the rare earth atoms of the rare earth complex represented by fonmula (2) have been 
substituted with hydrogen atoms. The compound represented by formula (6) can be purchased commercially, or it can 
be prepared by a known method, such as the method described in WO98/40388 or the like. 

[0097] Examples of the rare earth metal compound used in the producing here include rare earth metal oxides, rare 
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earth metal hydroxides, rare* earth metal alkoxides, rare earth metal amides, rare earth metal salts and the like. The 
rare earth metal compound may be used either alone, or In a combination of two or more. 

[0098] Examples of a rare earth metal oxide include MgOg (M is a rare earth atom; the same applies hereinafter) 
including a trivalent rare earth metal, but MO. M4O7. and other such oxides can also be used. • 

5 [0099] Examples of a rare earth metal hydroxide include M(OH)na. wherein n is an integer from 2 to 4, and the like. 
[0100] Examples of a rare earth metal alkoxide include M(OR^)ni,, wherein is an alkyl group haying 1 to 8 carbon 
. atoms, and n^ Is an Integer from 2 to 4, and the like. 
[01 01 ] Examples of a rare earth metal amide include M (NRSR^) 3, wherein R^ and R'' are the same or different, and 
are each a hydrogen, an alkyl group having 1 to 10 carbon atoms, a phenyl group, or the like. 

10 [0102] Examples of a rare earth metal salt include M'-+(Za)nc, wherein Za is a chloride ion, bromide ion. iodide ion, 
fluoride ion, 1/2 sulfuric acid ion, nitric acid ion, monocarboxylic acid ion (such as an acetic acid ion, and the like). 1/2 
dicari30xylic acid ion (such as a 1/2 oxalic acid ion, 1/2 succinic acid ion, 1/2 malonic acid ion. and the like), 1/3 tricar- 
boxylic acid ion (such as a 1/3 citric acid ion, and the like), 1/3 phosphoric acid ion. is an integer from 2 to 4, and L 
Is an integer from 2 to 4, and the like salt. In a rare earth metal salt, L is usually an integer from 2 to 4, and preferably 3. 

IS [0103] The amount of the rare earth metal salt used is usually about 1 to about 10 mol, and preferably about 1.05 
to about 3 mol, per mole of the compound represented by formula (6). 

[0104] The amount of the compound Z' used is usually about 1 to about 30 rtiol, and preferably about 2 to about 
lO.mol, per mole of the compound represented by formula (6). 

[0105] In this method, a solvent may be added as needed. Namely, the compound represented by fomiula (6), the 

20 compound Z', and a rare earth metal compound may be reacted in a solvent. 

[0106] The solvent used to prepare the rare earth ternary complex is not limited, and any solvent can be used. 
Examples include protic solvents, aprotic solvents, and the like. Examples of protic solvents include water; lower al- 
cohols such as methanol, ethanol, and the like. Examples of aprotic solvents include ketones such as acetone, methyl 
ethyl ketone, and the like; ethers such as diethyl ether, tetrahydrofuran, and the like; halogen-containing solvents such 

25 as chloroform, methylene chloride, and the like; DMSO; DMF; and the like. Of these, it is preferable to use a solvent 
capable of simultaneously dissolving all three components comprising the compound represented by fomnula (6), the 
. rare earth metal compound, and the compound Z'. Examples of such solvents includja the mixed solvents such as the 
solvent including water and lower alcohol, water and acetone, water and DMF, and water and DMSO, and the like 

mixed solvent. - : 

30 [01 07] the amount of the solvent used is usually about 1. to about 1 00 weight parts,.and preferably about 1 to about 
20 weight parts, when the total iambunt of the compound represented by formula (6),. the rare earth metal compound, 
and the compound Z' is 1 weight part. ■ 

[01 08] the system may be stirred as needed during the reaction, The reaction temperature is usually between room 
temperature and about 1 50''G, and preferably about 30 to about 1 00°C. The reaction time is usually about.0.1 to about 

35 lOOhours, and preferably about 0.1 to about 20 hours. 

[0109] After the stirring, the solution can be concentrated as needed, and the obtained residue can be treated as 
needed by a known method such as liquid-liquid extraction, precipitation, or the like method to obtain a rare earth 
ternary complex. The obtained rare earth ternary complex may be further refined as needed by a knovyn refinirig method 
such as recrystallization, column chromatography, sublimation, or the like. 

40 [0110] The rare earth ternary complex represented by formula (1) can be prepared by the above-mentioned two 
methods, for example. 

Optically functional material . 

45 [0111] The rare earth ternary complex of the present invention can be used as an optically functional material. 

[01 1 2] Examples of how the rare earth ternary complex of the present invention is made to emit light include a method 
in which the rare earth ternary complex of the present invention is dissolved, dispersed, or suspended In a medium 
(such as various solvents, a polymer matrix, and the like), and is made to emit light by irradiation with light of a specific 
wavelength, or the like method. 

50 [0113] The medium containing no hydrogen atoms is preferable. 

[0114] Examples of solvents used as the medium include ketones such as acetone, methyl ethyl ketone, and the 
like; ethers such as diethyl ether, tetrahydrofuran, isopropyl ether, dioxane, and the like; aromatic hydrocart>ons such 
as benzene, toluene, and the like; halogenated hydrocarbons such as methylene chloride, chloroform. cart>on tetra- 
chloride, and the like; amides such as acetamlde. formamide, DMF, diethylformamide, and the like; DMSO; esters such 

55 as ethyl acid, methyl acetate, and the like; glycols such as ethylene glycol, propylene glycol, and the like, and the like 
solvent. It is preferable for the solvent used as the medium to be an organic solvent substituted with deuterium, such 
as deuterated methanol, deuterated acetone, deuterated tetrahydrofuran, DMF-c%, and the tike. 
[01 15] The concentration in which the rare earth ternary complex of the present Invention dissolved In the solvent is 
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usually about 0.0001 to about 1 mol/L, and preferably about 0.05 to about 0.5 mol/L. and more preferably about 0.01 
to about 0.3 mol/L. 

[01 1 6] It Is preferable for the polymer matrix used as the medium to be a semi-transparent or transparent composition 
when blended with the rare earth ternary complex. Examples include polymethacrylate (PMA), polymethyl methacrylate 
(PMI\/1A); poly(hexafluoroisopropyl methacrylate) (P-iFPMA). poly(hexafluoro-n-propyl methacrylate) (P-nFPMA). and 
other such fluorine-containing polymethacrylates; polyacrylates; fluorine-containing polyacrylates typified by polyfluor- 
oisopropyl acrylate; polystyrene, polyethylene, polypropylene/ polybutene, and other such polyolefins; fluorine-con- 
taining polyolefins; polyvinyl alcohols; polyvinyl ethers; fluorine-containing polyvinyl ethers typified by poty(perfluoro- 
propoxy)vinyl ether; polyvinyl acetate, polyvinyl chloride; copolymers comprising two or more of the monomers that 
make up the above-mentioned polymers; cellulose; polyacetal; polyester; polycarbonate; epoxy resins; polyamide res- 
ins; polyimide resins; polyurethane; perhalogenated Ion exchange resins (such as periluorinated ion exchange resins 
(Nafion, etc.), and the like); petroleum resins; rosins; silicon resins, and so on. Preferable polymer matrix Includes, for 
example, polymethyl methacrylate; fluorine-containing polymethacrylate; polyacrylate; fluorine-containing polyacr- 
ylate; polyolefins such as polystyrene, polyethylene, polypropylene, polybutene, and the like; polyvinyl ether; fluorine- 
containing polyvinyl ether; copolymers comprising two of more of the monomers that make up the above-mentioned 
polymers; epoxy resins; perhalogenated ion exchange resins (such as perfluorinated ion exchange resins (Nation, 
etc.), and the like). 

[0117] As long as the function of the polymer matrix is not compromised, additives may be added to the. polymer 
matrix for the purpose of improving the characteristics thereof. Specific examples of such additives include dibutyl 
phthalate, dioctyl phthalate, and other such phthalic diesters; dioctyl adipate and other such dibasic acid diesters; 
pentaerythritol tetrabenzoate and other such polyol esters; dispersants containing a suriactant such as rosin acid soap, 
stearic acid soap, oleic acid soap, sodium lauryl sulfate, sodium diethylhexylsulfosuccinate, and sodium dioctytsulfo- 
succinate; alkyi sulfonate, alkyi ether carboxyltc acids, and other such anionic antistatic agents; polyethylene glycol . 
derivatives, sorbitan derivatives, and other such nonionic antistatic agents; quaternary ammonium salts, alkylpyridiums, 
and other such cationic antistatic agents; talc, metal salts of fatty acids^ sorbitan-based crystallization nucleators; butyl- 
hydroxyphenol and other such phenol-based antioxidants; thioether-based antioxidants; phosphorus-based antioxi- 
dants; pigments; photostabilizers; crosslinking agents; crosslinking jaromoter; flame retardants; processing aids, and 
the like. The arhount of the additives used can be suitably determined according to the type of additive, but is usually 
about 0.01 to about 1 0 weight parts per 100 weight parts of the polymer matrix. 

[01 18] There are no particular restrictions on the method fbr diispei'sing or suspending the rare earth ternary complex 
of the present invention in the polymer matrix. Examples include (1) a method In which a rare earth complex is rnixed' 
into a molten polymer matrix. (2) a method in which a rare earth complex is dispersed in a polymer micropowder. then 
melted, (3) a method in which a monomer serving as the raw material for the polymer matrix, a ternary complex, and 
a polymerization initiator such as azobisisobutyronitrile (AIBN), lauroyi peroxide or the like are reacted as a mixture, 
(4) a cast method in which a rare earth complex is mixed into a polymer solution that is useful for producing a polymer 
film, and the solvent is then removed, (5) spin coating method, (6) vapor codeposltion method and the like. 
[01 1 9] When the rare earth ternary complex of the present invention is dispersed or suspended in a polymer matrix, 
the amount of the rare earth ternary complex used is usually about 0.001 to about 20 weight parts, and preferably 
about 0.1 to about 10 weight parts, per 100 weight parts of polymer matrix. 

[0120] When the rare earth ternary complex of the present invention is made to emit light, the wavelength of the 
excitation light can be suitably set according to the kind of rare earth metal: M contained In the complex. For instance, 
when neodymium is used as the rare earth atom, light with a wavelength of about 1060 nm is emitted upon irradiation 
with light having a wavelength of about 585 nm as the excitation light. Similariy, when europium or terbium is used as 
the rare earth atom, light with a wavelength of about 618 nm and about 545 nm is emitted upon irradiation with light 
having a wavelength of about 394 nm and about 325 nm as the excitation light, respectively. 

[0121] The excitation wavelength may be set by measuring the wavelength of absorption maximum of the ternary 
complex in the medium. The wavelength In the UV-visible range is preferable as the wavelength of absorption maximum, 
and about 1 80 to about 500 nm is particulariy preferable. For example, the excitation wavelength may be set to usually 
within about 50 nm. and preferably within about 20 nm. above or below the wavelength of absorption maximum. 
[0122] The effects of the rare earth ternary complex of the present invention are summarized below. 

1) To prepare of a ternary complex, the number of moles of bound water per mole of complex Is reduced. 

Heretofore sulfonimide-based rare earth complexes were deliquescent, and when they were used as a lumi- 
nescent material, water was removed very carefully. On the other hand, the rare earth ternary complex of the 
present invention is easier to handle, because bond water is difficult to bind to the present complex. 

2) l^iscibility in various media Is improved. 

To prepare of a ternary complex, miscibility in media with low polarity is improved, which means that there is 
a much broader range of application in use as a luminescent material. 
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3) Relative luminescence intensity is remarkably Increased. 

The complex of the present invention exhibits extremely high luminescence intensity. Compared to the rate 
of increase in the luminescence intensity when the ligand Z is introduced into a known p-diketone type of complex, 
the rate of Increase in the luminescence intensity is far greater when the ligand Z is introduced. into the complex 
represented by fomnula (2). 

4) Relative luminescence intensity is increased even further in a polymer matrix. 

• 

[0123] The effect in 3) above is even more pronounced when light is emitted in a polymer matrix. For example, a 
europium ternary complex having triphenylphosphlne oxide (TPPO) as the ligand Z exhibits a luminescence Intensity 
up to or more than 1 0,000 times that of a complex having no TPPO as a ligand. Thus, the amount of rare earth ternary 
complex used can be greatly reduced when the complex is used as a luminescent material or other optically functional 
material. 

[0124] It Is not fully understood why there is such a merited increase in the relative luminescence intensity of the 
rare earth ternary complex of the present invention, but it is supposed that the two sulfur atoms In the rare earth ternary 
complex play a part. 

[0125] With a complex in which the ligand Z is introduced into a known binary complex having no sulfur atoms, such 
as a complex obtained by introducing triphenylphosphlne oxide into Eu(HFA)3. the increase in luminescence intensity 
is only a few times that prior to the introduction of the triphenylphosphlne oxide. 

[0126] The rare earth ternary complex of the present invention can be used along with the ligand Z. Because the 
ligand Z interacts with the ternary complex of the present invention represented by formula (1 ), there Is an even greater 
increase in luminescence intensity. The amount of the ligand Z used is usually about 0.01 to about 100 mol, and 
preferably about 0.1 to about 1 0 mol, per mole of complex represented by formula (1). . 

Mechanoluminescence 

[0127] The rare earth ternary complex of the present invention can be used as ia mechanoluminescence. material. 
The term mechanoluminescence as used here refers to a phenomenon whereby physical force (such as pressure, 
vibration energy or the like) imparted to the rare earth ternary complex is converted into optical energy, causing the 
complex to emit light. 7 - . .. 

[0128] Examples of how mechanolurnihescence is occurred inclucle"^ method in which physical pressure is appUed 
- to the complex, when the rare earth- ternary dbmplex is in the form of a powder or thin film; the complex K^'beeh 
dispersed or suspended in a polymer thin fiim, or the llkei.- . * . - 

[0129] Examples of how a rare earth ternary complex is made into a thin film, that is, how a thin film connprising a 
rare earth ternary complex is obtained, include a methodin which a rare earth ternary complex is dissolved in acetone 
or other organic solvents, and the solution is made into a film and dried, and the like method. The thickness of the film 
Is not limited, but It is usually about 1 to about 20 fim, and priBferably about 1 to about 10 ^m. The methods for man- 
ufacturing a thin film comprising the above-mentioned rare earth ternary complex is not limited, but Examples of the 
methods include casting, spin coating, roller transfer, and the like. 

[0130] The following is an example of the method for obtaining a film dispersed or suspended the temary complex 
in a polymer. A polymer solution in which a rare earth ternary complex is uniformly dispersed is prepared by adding 
the rare earth temary complex to a mixture of a solvent and a polymer, and stirring as needed, or the like method. This 
polymer solution is then made into a film and dried to manufacture a polymer film in which a rare earth temary complex 
Is uniformly dispersed or suspended. . 

[0131] The polymer is not limited, and various types can be used. Examples of polymers include polycartjonates. 
polyether imides, polyether ether ketones, polysulfones, polymethylpentene, polymethyl methacrylate, polyolefins 
(such as polystyrene, polyethylene, polypropylene, polybutene, etc.), liquid crystal polymers, and the like. 
[01 32] The following are further examples off polymers: polymethacrylate (PMA); poly(hexaffluoroisopropyl methacr- 
ylate) (P-iFPMA), poly(hexafluoro-n-propyl methacrylate) (P-nFPMA), and other such fluorine-containing polymethacr- 
ylates; polyacrylates; fluorine-containing polyacrylates typified by polyfluoroisopropyl acrylate; fluorine-containing poly- 
olefins; polyvinyl alcohols; polyvinyl ethers; fluorine-containing polyvinyl ethers typified by poly (perfluoropropoxy) vinyl 
ether; polyvinyl acetate, polyvinyl chloride; copolymers comprising of two or more of the monomers that make up the 
above-mentioned polymers; cellulose, polyacetals; polyesters; epoxy resins; polyamide resins; polylmide resins; poly- 
urethanes; pertialogenated ion exchange resins (such as perfluorinated ion exchange resins (Nafion, etc.), and the 
like); petroleum resins; rosin; silicon resins, and the like. 

[0133] The amount of the rare earth ternary complex dispersed or suspended in the polymer is about 5 to about 20 
weight parts, and preferably about 10 to about 20 weight parts, per 100 weight parts of polymer (or 100 weight parts 
of monomer corresponding to 100 weight parts off polymer). The thickness of the polymer film is not limited, but it is 
usually about 1 to about 20 nm, and preferably about 1 to about 10 jim. The polymer concentration in the polymer 
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solution used to manufacture the polymer film is about 5 to about 30 wt%. and preferably about 10 to about 15 wt%. 
[01 34] Examples of solvents Include butyl acetate, tetrahydrof uran (THF), toluene, acetonitrile, methyl ethyl ketone, 
xylene, and the like. 

[0135] Examples of the method for preparing a film by using a polymer solution containing the rare earth ternary 
5 complex include casting, spin coating, roller transfer, and the like. 

[0136] Mechanoluminescence is a phenomenon whereby physical force (such as vibration, shock, or the like) is 
directly converted Into optical information, so the complex of the present invention can be utilized as a pressure/light 
conversion element, a pressure sensor, or the like. 

10 Composition 

[01 37] The composition of the present invention includes the rare earth binary complex represented by formula <2) 
and the compound Z*. The compound Z* Is at least one compound selected from the group consisting of the above- 
mentioned (A) to (D). In this composition, the rare earth binary complex represented by formula (2) and the compound 

IS Z' may form the rare earth ternary complex represented by fomiula (1 ). 

[01 38] The composition of the present Invention can be used as an optically functional material. 
[0139] The ratio between the rare earth binary complex represented by formula (2) and the compound Z* in the 
composition is not limited. The amount of the compound Z* contained Is usually about 10 to about 5000 weight parts,, 
and preferably about 1 00 to about 3000 weight parts, per 100 weight parts of the rare earth bimary complex. 

20 [01 40] A solvent may be contained in the composition. The amount of the solvent contained is not limited. The solvent 
content is usually about 100 to about 10.000 weight parts, and preferably about 300 to about 3000 weight parts, per 
100 weight parts of the rare earth binary complex represented by formula (2). 

[0141] Examples of solvents contained in the composition include ketones such as acetone, methyl ethyl ketone, 
and the like; ethers such as diethyl ether, tetrahydrofuran, isopropyl ether, dioxane. and the like; aromatic hydrocarbons 
- . 25.. such as benzene, toluene, and the like; halogenated hydrocarbons such as methylene chloride, chlorbforrh, carbon • " ** 
. tetrachloride, and the like; amides such as acetamide, formamide, DMF, diethylformiamide, and the like; DMSO; esters - ' 
. • - such as ethyl acid, methyl acetate, and the like; glycols such as ethylene glycol, propylene glycol and the liker and the 
like solvent. Other examples of solvents include organic solvents substituted with deuterium, such as deuterated meth- 
anol, deuterated acetone, deuterated tetrahydrofuran, DM F-dg and the like, r 
30- . [0142] The composition. may -also." contain a* polymer matrix or a rrionomer that serves as the raw material for a 
polymer matrix. The amount of the polymer matrix or rrionomer contained is not limited, but it is usually about 10 to • 
about 10,000 weight parts, and preferably, about 100 to about 3000 weight- parts, per 100 weight parts of the rare earth 
binary complex represented by formula (2),-.^ ^^^^r ■ 

[0143] Examples of the polymer matrix-contained in the composition include polymethacrylate (PMA), poly(methyl 
35 methacrylate) (PMMA); poly(hexaflu6roisopropyl methacrylate) (P-iFPMA), poly(hexafluoro-n-propyl methacrylate) (P- 
nFPM A), and other such fluorine-containing polymethacry lates; polyacrylates; fluorine-containing polyacrylates typified 
- by polyfluoroisopropyl acrylate; polystyrene, polyethylene, polypropylene, polybutene, and other such polyolefins; flu- 
orine-containing polyolefins; polyvinyl alcohols; polyvinyl ethers; fluorine-containing polyvinyl ethers typified by poly 
(periluoropropoxy)vinyl ether; polyvinyl acetate, polyvinyl chloride; copolymers comprising two or more of the mono- 
40 mers that make up the above-mentioned polymers; cellulose; polyacetal; polyesters; polycarbonates; epoxy resins; 
polyamide resins; polyimide resins; polyurethanes; perhalogenated Ion exchange resins (such as perfluorinated Ion 
exchange resins (Nafion, etc.). and the like), petroleum resins; rosin; silicon resins, and the like polymer matrix. Ex- 
amples of preferable polymer matrixes include poly(methyl methacrylate); fluorine-containing polymethacrylates; poly- 
acrylates; fluorine-containing polyacrylates; polystyrene, polyethylene, polypropylene, polybutene, and other such 
45 polyolefins; polyvinyl ethers; fluorine-containing polyvinyl ethers; copolymers comprising two or more of the monomers 
that make up the above-mentioned polymers; epoxy resins; perhalogenated ion exchange resins (such as perfluori- 
nated ion exchange resins (Nafion. etc.), and the like). 

[0144] The above-mentioned additives may be added to the composition of the present invention for the purpose of 
improving the characteristics of the polymer matrix. The amount of the additives added can be suitably determined 
so according to the kind of additives, but is usually about 0.01 to about 10 weight parts per 100 weight parts of polymer 
matrix. 

[0145] The composition of the present invention may also be molded. Any known molding method can be employed 
as the method for molding. Examples include a method in which molding is performed at the same time a rare earth 
complex-containing resin composition is prepared, a method in which a rare earth complex-containing resin composi- 
S5 tion is prepared first and then re-melted and molded, and the like. Molding processes that can be employed include 
Injection molding, extrusion molding, blow molding, compressed air molding, rotary molding, film molding, and other 
such known molding methods. 

[0146] The rare earth complex can also be added In a high concentration to a polymer matrix and then molded by 
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extrusion molding or the like* to create a master batch. 

[0147] The shape of the molded article is not limited, but examples include the iom of a rod, film, sheet, cylinder, 
disk, oval, and the like. Alternatively, the article may have a special shape such as that of a toy. omament or the like. 
Examples include a star shape, polygonal shape, and the like. 

[0148] According to the present invention, a sulfonimide-based rare earth complex represented by formula (2) is 
made into a ternary complex, which yields a complex having remarkable greater luminescence intensity. The rare earth 
ternary complex of the present invention has high luminescence intensity and optical conversion efficiency, and can 
therefore be used to advantage as an optically functional material such as a luminescent material, mechanolumines- 
cence material, or the like. The rare earth ternary complex of the present invention is useful in applications such as 
optical fibers, lenses, pressure sensors, lasers, and the like. 

[0149] In particular, when a complex is dispersed in a polymer matrix, the luminescence intensity is remarkably higher 
than before the Introduction of the ligand Z. Also, since producing a ternary complex Improves miscibiiity in various 
media such as a polymer matrix, and the like, it affords broader application as an optically functional material. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0150] The present invention is described by giving examples and comparative examples, but is not limited to or by 
the examples given below. The various properties were measured using the following equipment. 

isp-Nf^R (solvent: CD3OD, reference reagent: hexafluorobenzene) and ^H-NMR (solvent: CDCI3. reference rea- 
gent: tetramethylsilane) were measured using an NMR EX-270 from JEOL. 
[0151] The IR spectmm was measured by KBr method using a 1720-X from Perkin-Elmer. 

[0152] The temperature at which water molecules (bound water) were dissociated from the complex was measured, 
using a DSC-50 from Shimadzu Corporation. 

[0153] The number of moles of bound water per mole of complex was measured using a TG-DTA 2000 from MAC 
Science. 

[0154] Elemental analysis was perfomned using a 240C from Perkin-Elmer. 

[0155] UV absorption characteristics were measured with a UV-21 00 from Shimadzu Corporation. ' ^ 

[0156] The intensity. of lurninescence and the luminescence quanturn yield, the quotient of dividing the number of 

photons emitted frorri a sample by the number of photons absorbed into the sample, were measured with ah'SS-25 

from JASCO Corporation.- j . ' . . . -i: 7 .Z' ' * ' " '\' ■ ' .] 

[0157] The miscibility of the rare earth complex with various media was evalua^^^ 

* * " " '*' - 

1) Miscibility with solvents v ' : W ■* ' 

[0158] The rare earth complex serving as the sample was added in a concentration of 5 wt% relative to various 
media, and the miscibiiity was visually evaluated according to the following criteria. 

@ : dissolves at room temperature 

O: dissolves when heated for 5 minutes at 40"C 

A : dissolves under heating, but cooling precipitates crystals 

X : does not dissolve 

2) Miscibiiity with a polymer matrix 

[0159] The rare earth complex sen/ing as the sample was added In the concentrations listed with the evaluation 
criteria below relative to various media, and the miscibiiity was visually evaluated according to the following criteria. 

@ : dissolves up to 30 wt% 

O : dissolves up to 5 wt% 

A : disperses up to 5 wt%, but there is turisidity 

X : repelled at the polymer surface 

[0160] RMS stands for [CF3SO2NSO2CF3I-. PES stands for [C2F5SO2NSO2C2F5]-, and PBS stands for 
[C4F9SO2NSO2C4F9]-. 
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Producing Example 1 ' . 
Synthesis of Eu(PMS)3 

5 [0161] A 85.5 g quantity of commercially available CF3SO2NHSO2CF3 (made by Fluka) was dissolved in 30 mL of 
distilled water, 1 8.7 g of EU2O3 was added, and the system was stirred for 3 days at room temperature. The water was 
distilled off, after which the precipitated solids were washed with methylene chloride, and the resulting solids were 
dissolved In methanol and filtered to remove the unreacted EU2O3. The methanol was distilled off from the filtrate to 
give the targeted Eu(PMS)3 in the form of a white solid (100 g, yield: 99%). The ^^F-NMR, ^H-NMR, UV absorption 

w characteristics, and IR spectrum of the obtained Eu(PMS)3 were measured, the results are given below. 

19F-NMR: -77.51 ppm 

^H-NMR: none (2.06 ppm as bound water) 

UV absorption characteristics: 394 nm (^Fq -> ^l-e), 465 nm (^Fq -> ^Da) 
IR: 1332 (S=0), 1205, 1142 (C=F), 1056 (S=0) cm-i 
15 [0162] Also, Nd(PMS)3. Yb(PMS)3, and Tb(PMS)3 were synthesized in the same manner as in Producing Example . 
1, except that Nd203, Yb208. and Tb407, respectively, were used instead of the EU2O3. 

Producing Example 2 . 

2o Synthesis of C4F9SO2NHSP2C4F9 

[01 63] A 30 mL quantity of THF. 3.3 g (28 mmol) of CF3CONH2 (made by Wako Pure Chemical Industries), and 1 0.0 
g (72 mmol) of potassium carbonate (made by Kanto Kagaku) were put in a 100 mL three-necked flask equipped with 
a cooling pipe, and the contents were stirred for 1 hour at room temperature under a nitrogen atmosphere. A 8.5 g (28 
25 mmol) quantity of C4F9SO2F (made by Tokyo Kasei Kogyo Co. Ltd.) was then added, and the system was refluxed for ^ ^- - f ; 
3 hours. At this point, the reaction solution was analyzed to confirm that C4F9SO2NH2 had been -produced.' A 8.5 g (28 : ^; 

mmol) quantity of C4FgS02F was then added to the reaction solution, and the system was refluxedfbr another 3 hours. • 
. .[016i4]- TheTHFwasthendistilledoff under reduced pressure, after which the residue was dissolved in acetone, and* • - - 
. insoluble.salts such as.K2C03 and KF were filtered off. The acetone was then distilled off , and the resulting solids were-j^: ^ - 
30 r:, -^washed, with ether andTecrystailized in ethanol to give 1 3.4.g of C4F9SO2NKSO2C4F9 in the form of colorless aciculatr : -^y" - 
;:■ . crystals (yield: 77%)^ This seilt' was then stirred for 1 hour in a 25% H2SO4 aqueous solution^ after which the reactrbn ^ 
. - solution was extracted with ether. The ether layer-was distilled off. and then the residue was sublimed at 100**C and - - ■ 
1.32 MPa to obtain the titled compound. The ""^F-NMR and ^H-NMR were measured and the results for the obtained- - 

compound are given below. ' . - . 
35 i9F-NMR:-79.37(t.6F. CF3), -111.57 (t,4F,CF2).- 119.29 (br.4F,CF2), -124.35 (br,4F,.CF2) ppm 

IR: 1 347 {S=0). 1 235 (C-F), 1 201 (C-F), 1 1 26 (S-O) cm-i 

Eu(PBS)3 was synthesized in the same manner as in Producing Example 1 , exceptlhat the C4F9S02NHS02C4Fg 
obtained by the above method was used instead of CF3SO2NHSO2CF3. 

40 Example 1 

Synthesis of Eu(PMS)3(TPPO)b 

[0165] A 20 g quantity of Eu(PMS)3 was added to 100 mL of Isopropanol, then 43 g (16 times the molar amount of 
45 the Eu(PMS)3) of triphenylphosphine oxide (hereinafter referred to as TPPO) was added, and the system was refluxed 
for 3 hours, and then gradually cooled. The resulting white powder was filtered off. The white powder thus obtained . 
was washed with hot n-hexane, and recrystallized with water-methanol to obtain 44 g of Eu(PMS)3(TPPO)e in the form 
of white acicular crystals (yield: 85%). The TG-DTA was measured for these crystals, and It was found from the weight 
reduction at 1 0O^C that the number of moles of bound water per mole of complex was 2.93. The IR, NMR, UV absorption 
50 characteristics, and elemental analysis results for the obtained Eu(PMS)3(TPPO)8(H20)2.93 are given below. 

IR: 3061 (C-H St.), 1439 (CgHs St.). 1355 (S=0 St.. P=0 St.. 1193 (C-F St.), 1122 (C-F St.). 1060 (S-O St.) cm'V 
^H-NMR: 7.26. (br. 24C6H5) ppm 

UV absorption characteristics: 232 nm (K absorption band). 266 nm (B absorption band), 394 nm (^Fq -> ^Lg), 
465 nm (^Fq ^Dg) 

55 [01 66] Elemental analysis: CI 50H1 24N3022F1 8P8S6Eu, M.W. 3254, calculated values C: 55.31 , H: 3.81 , N: 1 .29%, 
found values C: 55.97, H: 4.06, N: 1 .16%. 

[01 67] Eu(PMS)3(TPPO)8(H20)2.93 obtained by the above synthesis method was dried in.vacuo for 3 hours at 1 40°C 
and a reduced pressure of 0.66 MPa. TG-DTA measurement for the resulting white powder was carried out to obtain 
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« 

a weight reduction at 1 00°C. It was found from the obtained value that the number of moles of bound water per mole 
of complex was 0.18. The results of the elemental analysis of Eu {PMS)3(TPPO)8(H20)o.i8 a*"® 9>ven below.- 
[01 68] Elemental analysis: C1 50H1 20N3O20F1 8P8S6Eu. M.W. 321 8, calculated values C: 55.93, H: 3.72, N: 1 .31 %, 
found values C: 57.35, H: 3.88, N: 1.19%. 
5 [01 69] Also. Eu(PBS)3(TPPO)g was prepared In the same manner as In Example 1 , except that the Eu(PBS)3 was 
used instead of Eu(PMS)3. 

Example 2 

10 Synthesis of Nd(PMS)3(TPPO)8 

[0170] Nd(PMS)3(TPPO)8 was prepared in the same manner as in Example 1, except that 20 g of Nd{PMS)3 was 
used instead of the Eu(PMS)3 (yield after drying: 43 g (83%)). 

[0171] The result of IR measurement and the number of moles of bound water per mole of complex for the obtained 
IS Nd(PMS)3(TPPO)8 are given below. The number of moles of bound water per mole of complex expresses the values 

for a sample dried in the same manner as in Example 1 , and a sample prior to drying. 

IR: 3060 (C-H St.). 1439 {C^H^ St.). 1354 (S=0 St.. P=0 St.. 1197 (C-F St.). 1143 (C-F St.). 1061 (S-O St.) crrr^ 
Number of moles of bound water per mole of complex: 3.41 (before drying) and 0.24 (after drying) 

20 Examples 

Synthesis of Yb(PMS)3(TPPO)8 

[0172] Yb(PMS)3(TPPO)8 was prepared in the same manner as in Example 1, except that 20 g of Yb(PMS)3 was 

25 usedinsteadofEu(PMS)3. Yield after drying: 42 g (81%). . - ...v. 

[0173] The result of IR measurement and the number of moles of boun_d waiter perjmole of complex for the obtained 
Yb(PMS)3(TPPO)8 are given below. The number of moles of bound vvater per mole of complex expresses the y^liies^. 
* ' . " for a sample dried in the same manner as in Example 1, and a sample prior to drying. _ \ . , . . 

; " • * \ IR: 3063 (C-H St.). 1440 (CgHg St.), 1354 (S=0 St., P=0 St.), 1201 (C-F St.), 1143 (C-F sO 1060 (S-O's^ cm'i 
30 :. Number of irioles of bound water per mole of complex: '1 .62 (before drying) and 0.27i(atter drying) ... „ ; 

Example 4 . . j . . ■ . • • . --..rrt 

■■■■ • . 

Synihesis of Tb(PMS)3(TPPO)8 

35' 

[0174] Tb(PMS)3(TPPO)8 was prepared in the same manner as in Example 1, except that 20 g of Tb(PMS)3 was 
used instead of Eu(PMS)3. Yield after drying: 40 g (77%). 

[0175] The result of IR measurement and the number of moles of bound water per mole of .complex for the obtained 
Tb(PMS)3(TPPO)8 are given below. The number of moles of bound water per mole of complex expresses the values 
40 for a sample dried in the same manner as in Example 1. and a sample prior to drying. . 

IR: 3057 (C-H St.). 1439 (CgHg St.), 1354 (S=0 St., P=0 St.), 1186 (C-F St.). 1142 (C-F St.). 1060 (S-O St.) cm'^ 
Number of moles of bound water per mole of complex: 1 .27 (before drying) and 0.08 (after drying) 

■ ' 

Example 5 

Synthesis of Eu(PMS)3(DPSO)8 

[0176] A 10 g quantity of Eu(PMS)3 was added to 100 mL of ethanol, 31.4 g (16 times the molar amount of the Eu 
(PMS)3) of diphenyl sulfoxide (hereinafter referred to as DPSO) was added, and the system was refluxed for 3 hours. 
50 The system was then gradually cooled, and the resulting white powder was filtered off. The obtained white powder 
was recrystallized in ethanol to obtain 18 g of Eu(PMS)3(DPSO)0 in the fonfn of white crystals (yield: 83%). 
[0177] These crystals were subjected to DSC and TG-DTA measurement, which confirmed that water was not co- 
ordinated. The IR, NMR. UV absorption characteristics, and elemental analysis results for the obtained Eu(PMS)3 
(DPSO)8 are given below. 

55 IR: 3061 (C-H St.). 1439 (CgHg St.). 1355 (S=0 St.), 1193 (C-F St.), 1122 (C-F St.), 1060 (S-O St.) cnr^ 

^H-NMR: 7.25. 7.14 (br. I6C6H5) ppm 

UV absorption characteristics: 231 nm (K absorption band). 266 nm (B absorption band), 394 nm (^Fq -> ^L^i, 
465 nm (^Fq -> ^02) 
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[0178] Elemental analysis: C102H80O20N3S14F18Eu. M.W. 2610, calculated values C: 46.90. H: 3.06, tsl: 1.61%. 

found values C: 47.08, H: 3.12, N: 1 .67%. 

■ 

Example 6 

5 

Synthesis Of Tb(PMS)3(DPSO)8 

[0179] Tb(PMS)3(DPSO)3 was obtained In the same manner as In Example 5, except that 10 g of Tb(PMS)3 was 
used instead of the Eu(PMS)3 (yield: 16 g (74%)). The result of IR measurement for the obtained Tb(PMS)3(DPSO)8 
10 is given below. 

IR: 3064 (C-H St.), 1447 (CgHg St.), 1353 {S=0 St.), 1201 (C-F St.), 1140 (C-F St.), 1056 (S-O St.) cm-^ 

Example 7 

IS Synthesis of Nd(PMS)3(DPSO)8 

[0180] Nd(PMS)3(DPSO)g was obtained in the same manner as in Example 5, except that 10 g of Kld(PMS)3 was 
used instead of Eu(PMS)3 (yield: 18 g (83%)). The result of IR measurement for the obtained Nd(PMS)3(DPSO)8 is 
given below. 

20 IR: 3065 (C-H St.), 1448 {CqH^ St.), 1351 (S=0 St.), 1201 (C-F St.). 1140 (C-F St.), 1054 (S-O St.) cm-^ 

Example 8 

Synthesis of Eu(PMS)3(Phen)fn 

■ - [0181j - A 19 9 quantity of Eu(PMS)3 was added to 100 mU of isopropanol, 16 g of 1,10-phenanthfoIine (hereinafter ' " 

. referred to as Phen) was added^and the system was refluxed for 3 hours. The system was then gradually cooled, and ■ " - 
. r '^-i . .. the resulting white powder was filtered off. The obtained white powder was washed with ni-hexane and hot toluene,- * 

- .: ^ - - after-which it was reciystallized \n isopropanol to obtain 1 0 g (yield after drying: 42%) of Eu(PMS)3(Phen)^(H20)n. The ": - . . 
a? obtained. white crystals were subjected to TGrDTA measurement; whicht:onfirmed the 
- . > V per moleof complex ls"3.06. . . - . r r • • v- i-^-"--' .v . . a v. ' 

- z^.l"-' [0182] Thesaid white crystals were dried in vacuo for 3 hours at 140*'C and a reduced pressure Of 0.66 MPa^^ ""' ■ 

„■ • . a white powder. The resulting white powder was subjected to DSC and TG-DTA measurement, which confirmed that • 

. water had been completely removed. The results of measuring IR, NMR, and UV absorption characteristics for the 
35 obtained Eu(PMS)3(Phen)8 are given below. 

IR: 3056 (C-H St.), 1512, 1 423 (C=C St.), 1353 (S=0 St.), 1195, 1141 (C-Fst.), 1 055 (S-O St.) cmfl 
1 R-NMR: 8.34, 7.75 (br. 8H) - - * 

UV absorption characteristics: 200 to 400 nm (Phen), 394 nm (^Fq -> ^L^), 455 nm (^Fq -> ^02) 
[0183] Taking into account the bidentate coordination of the Phen, the area of the signal corresponding to the hy- . 
^ drogen atoms of the Phen in ^H-NMR, and other such factors, "the coordination number of the Phen": m was assumed 
to be 4. The yield, the concentration of the solution used in the measurement of the luminescence characteristics 
described below, and so forth were found by assuming m to be 4. 

Example 9 

45 

Synthesis of Nd(PMS)3(Phen)m 

[0184] Nd(PMS)3(Phen)rn was obtained in the same manner as In Example 8. except that 19 g of Nd(PMS)3 was 
used instead of Eu(PMS)3 (yield after drying: 12 g (50%)). The result of IR measurement for the obtained Nd(PMS)3 

so (Phen)m is given below. 

IR: 3054 (C-H St.), 1511, 1423 (C=C St.), 1351 (S=0 St.). 1193. 1140 (C-F St.), 1054 (S-O St.) cnr^ 
[0185] Taking into account the bidentate coordination of the Phen, the area of the signal corresponding to the hy- 
drogen atoms of the Phen in iH-NMR, and other such factors, "the coordination number of the Phen": m was assumed 
to be 4. The yield, the concentration of the solution used in the measurement of the luminescence characteristics 

55 described below, and so forth were found by assuming m to be 4. 
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Example 10 ' 
Synthesis of Eu(PES)3(TPPO)8 

5 [0186] A 10 g quantity of C2F5SO2NHSO2C2F5 was dissolved In 10 mL of water, after which 2,2 g of EugOg was 
added, and the system was reftuxed for 30 minutes. A 100 mL quantity of an isopropanol solution in which 28 g of 
TPPO had been dissolved was added dropwise. and the system was refluxed for another 3 hours. Then, the reaction 
solution was cooled to room temperature, and the resulting white precipitate was collected by filtration. The obtained 
white precipitate was dried for 1 hour at 140**C and a pressure of 0.66 MPa to give 33.9 g of Eu(PES)3(TPPO)e in the 

10 form of a white powder (yield: 81%). The obtained crystals were subjected to TG-TDA measurement, which revealed 
a weight reduction at 100**C. It is found that the number of moles of bound water per mole of complex was 0.19. The 
result of IR measurement of the obtained Eu(PES)3(TPPO)e are given below. 

IR: 3060 (C-H St.). 1438 (C=C St.). 1356 (S=0 St.). 1192. 1122 (C-F St.). 1059 (S-O St.) cm'^ 

IS Example 11 . 
Synthesis of Eu(C6F5S02NS02C6F5)3(TPPO)8 

[01 87] C6F5SO2NHSO2C6F5 (white solid) was obtained, in the same manner as in Producing Example 2, except that 
20 CgPsSOgCI was used Instead of C4F9SO2F (yield: 24%). The results of ^^F-NMR, IR. and UV absorption characteristic 
measurement of the resulting C6F5SO2NHSO2C6F5 are given below. 
19F-NMR: -137.07, -152.93, -161.74 ppm 

IR: 1479 (CeFg). 1306 (S=0). 1247 (C-F) . 1227 (C-F). 1115 (S-O) cm-^ 

UV absorption characteristics: 233, 266 nm 
25 [0188] Eu(C6F5S02NS02C6F5)3 was . obtained in the same manner as in Producing Example 1, except that 
C6F5SO2NHSO2C6F5 obtained by the above mqthod was used instead of CF3SO2NHSO2CF3. The results of ^sp-NMR. 
IR, and UV absorj3tion characteristics measurement of the obtained Eu(C6F5S02NS02C6F5)3 are given below. 

19F-NNR: -136.00, -151 .90. -161. 23 ppm ; ; v 

IR:1489(C6F5). 1306 (S==0), 1248 (C-F). 1228 (C^F).im ^ 
\-30 . . UV absorption characteristics: 233, 266. 394, 465 nm > ~ 

Eu(C6F5S02NS02C6F5)3(TPP6)e was also prepared in the same manner as in Example 1. except that Eu 
(CeFsSOaNSOgCeFg) 3 was used instead of Eu(PMS)3 in addition to using C6F5SO2NHSO2C6F5 

« . ' ■ * ■ . .. ■ 

Comparative Example A' 

35 

Synthesis of Eu(PMS)3(DMSO-d6)e 

[0189] A 6.2 g quantity of Eu(PMS)3 was dissolved in 7.7 g of DMSO-dg, and the system was thoroughly concentrated 
by distilling off the DMSO-dg at 140*'C and a reduced pressure of 0.66 MPa. Then, the crystals obtained during cooling 
40 were filtered off and dried In vacuo to obtain 10 g of Eu(PMS)3(DMSO-d6)8 in the form of white crystals (yield: 99%). 
The results of IR. UV absorption characteristics, and elemental analysis for the resulting Eu(PMS)3(DM30-d6)8 are 
given below. 

IR: 2266, 2135 (C-D St.), 1353 (S=0 St.). 1212. 1145 (C-F St.). 1059 (S-O st.) cmr^ 
UV absorption characteristics: 394 nm (^F© ^Le), 465 nm C^q ^q^) 
45 Elemental analysis: C22D48O20N3S1 4F1 8Eu, M.W. 1 665, calculated values C: 1 5.86, D: 5.77, N: 2.52%, found 

values C: 15.78. D: 2.91. N: 2.46%. 

Nd(PMS)3(DMSO-d6)8 was also prepared in the same manner as described above, except that Nd(PMS)3 was 
used instead of Eu(PMS)3. 

IR: 2264. 21 35 (C-D St.), 1 354 (S=0 St.), 121 1 , 1 1 46 (C-F St.), 1 059 (S-O St.) cm"^ 

so 

Comparative Producing Example 1 
. Eu (HFA)3(TPPO)2 

55 [01 90] Eu(HFA)3(TPPO)2, which is a p-diketone-type rare earth ternary complex, was prepared In the same manner 
as in Example 1, except that Eu(HFA)3. which is a known p-diketone-type of rare earth complex, was used Instead of 
Eu(PMS)3. 
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I 

Comparative Producing Example 2 
Nd(HFA)3(TPPO)2 

[0191] Nd(HFA)3(TPPO)2, which is a p-diketone-type rare earth ternary complex, was prepared In the same manner 
as in Example 1 , except that Nd(HFA)3, which is a known p-diketone-type of rare earth complex, was used instead of 
Eu(PMS)3. 

[01 92] The rare earth ternary complexes obtained in Examples 1 to 1 0 were evaluated for their misclbility with various 
media (water, acetone, chloroform, toluene, epoxy resin. Nation (trademark, made by DuPont), and polymethyl meth- 
acrylate (hereinafter referred to as PMMA). Table 1 shows the number of moles of bound water per mole of each rare 
earth ternary complex, and the results of evaluating miscibility. The term "bound water" In Table 1 means the numk>er 
of moles of bound water per mole of complex. 



Table 1. Miscibility with solvents 
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Note: PMMA: polymethyl me thacrylate. [CE: Comparative Example] 



Comparative Example 1 

[0193] The miscibility of the Eu(PMS)3 obtained in Producing Example 1 with various media was evaluated. Table 1 
shows the results of evaluating the miscibility and the number of moles of bound water per mole of complex for Eu 
(PMS)3. 

Comparative Example 2 

[0194] The miscibility of the Nd(PMS)3 obtained in Producing Example 1 with various media was evaluated. Table 
1 shows the results of evaluating the miscibility and the number of moles of bound water per mole of complex for Nd 
(PMS)3. 

Comparative Example 3 

[0195] The miscibility of the Eu(HFA)3 obtained in Comparative Producing Example 1 with various media was eval- 
uated. Table 1 shows the results of evaluating the miscibility and the number of moles of bound water per mole of 
complex for Eu(HFA)3. 
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Comparative Example 4 * 

[0196] The miscibility of the Eu(HFA)3(TPPO)2 obtained in Comparative Producing Example 1 with various media 
was evaluated. Table 1 shows the results of evaluating the miscibility and the number of moles of bound water per 
mole of complex for Eu(HFA)3(TPPO)2. 

Comparative Example 5 

[01971 The miscibility of the Nd(HFA)3 used in Comparative Producing Example 2 with various media was evaluated. 
Table 1 shows the results of evaluating the miscibility and the number of moles of bound water per mole of complex 
forNd(HFA)3. 

Comparative Example 6 

[0198] The miscibility of the Nd(HFA)3(TPPO)2 obtained In Comparative Producing Example 2 with various media 
was evaluated. Table 1 shows the results of evaluating the miscibility and the number of moles of bound water per 
mole of complex for. Nd(HFA)3(TPPO)2. . . 

Example 12 

[0199] The luminescence quantum yield of an acetonitrile solution of the Eu(PMS)3(TPPO)e obtained in Example 1 . 
(europium ion concentration: 0.05 moI/L) was measured (excitation wavelength: 465 nm, maximum luminescence 
wavelength: 612 nm, luminescence wavelength used in measurement: 612 nrn). The measurement results are given 
in Table 2. 



Table 2 





Rare earth.temary complex 


Luminescence quantum yield 


Relative! luminescence intensity 
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Example 13 

[0200] The luminescence quantum yield of an acetonitrile solution of the Eu(PMS)3(DPSO)8 obtained in Example 5 
(europium ion concentration: 0.05 mol/L) was measured (excitation wavelength: 465 nm, maximum luminescence 
wavelength: 612 nm, luminescence wavelength used in measurement: 612 nm). The measurement resulte are given 
in Table 2. 

Example 14 . 

[0201] The luminescence quantum yield of an acetonitrile solution of the Eu(PMS)3(Phen)m obtained in Example 8 
(europium Ion concentration assuming m = 4: 0.05 mol/L) was measured (excitation wavelength: 465 nm, maximum 
luminescence wavelength: 612 nm, luminescence wavelength used in measurement: 612 nm). The measurement 
results are given In Table 2. 

Comparative Example 7 

[0202] The luminescence quantum yield of an acetonitrile solution of the Eu(PMS)3 obtained in Producing Example 
1 (europium ion concentration: 0.05 mol/L) was measured (excitation wavelength: 465 nm, maximum luminescence 
wavelength: 612 nm, luminescence wavelength used in measurement: 612 nm). The measurement results are given 
in Table 2,. 
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Comparative Example 8 ^ 

[0203] The luminescence quantum yield of an acetonitrile solution of the Eu(HFA)3 used in Producing Example 1 
(europium ion concentration: 0.05 mol/L) was measured (excitation wavelength: 465 nm, maximum luminescence 
wavelength: 612 nm, luminescence wavelength used in rneasurement: 612 nm). The measurement results are given 
in Table 2. 

Comparative Example 9 

[0204] The luminescence quantum yield of an acetonitrile solution of the Eu(HFA)3(TPPb)2 obtained in Comparative 
Producing Example 1 (europium ion concentration: 0.05 mol/L) was measured (excitation wavelength: 465 nm, max- 
imum luminescence wavelength: 61 2 nm, luminescence wavelength used in measurement: 61 2 nm). The measurement 
results are given in Table 2. 

Comparative Example B 

[0205] The luminescence quantum yield of an acetonitrile solution of the Eu(PMS)3(DMSO-dQ)e obtained in Com- 
parative Example A (europium ion concentration: 0.05 mol/L) was measured (excitation wavelength: 465 nm, maximum 
luminescence wavelength: 612 nm, luminescence wavelength used in measurement: 612 nm). The luminescence 
quantum yield was 44.0%. 

[0206] The solutions prepared in Examples 12 to 14 and Comparative Examples 7 to 9 and Comparative Example- 
B were measured for luminescence intensity at the respective maximum luminescence wavelengths. 
[0207] The relative luminescence intensity of the solutions used in Examples 12 to 14 and Comparative Example B: 
(luminescence Intensity In each of Examples 12 to l4)/(luminescence intensity in Comparative Example 7) was calcu- 
lated, letting 1 be the luminescence intensity in Comparative Example 7 (solution of a rare earth complex in which the 
ligand Z was not coordinated). 

[0208] Similarly, the relative luminescence intensity in Comparative Example 9: (luminescence Intensity in Cjompar- 
ative Example 9)/(lumlnesc.ence intensity in Comparative Example 8) was calculated, letting 1 be the luminescence 
intensity in Comparative Example 8 (solution of a known p-diketone-type of rare earth complex in which the ligand Z 
was not coordinated); These results are given. in Table 2. The relative luminescence intensity of the solution used in 
Comparative Example B was 1 .6 timeis. 

Example 15 

[0209] The luminescence quantum yield of an acetone-dg solution of the Nd(PMS)3(TPPO)8 obtained in Example 2 
(neodymlum Ion concentration: 0.05 mol/L) was measured (excitation wavelength: 585 nm, maximum luminescence 
wavelength: 1064 nm. luminescence wavelength used in measurement: 1 064 nm). The rrieasurement results are given 
in Table 3. 



Table 3 





Rare earth ternary complex 


Luminescence quantum yield 


Relative luminescence intensity 






(%) 




Ex. 15 


Nd(PMS)3(TPPO)8 


1.1 


1.4 


Ex. 16 


Nd(PMS)3(DPSO)8 


1.3 


1.6 


Comp. Ex. 10 


Nd(PMS)3 


0.8 


1.0 



Example 16 



[0210] The luminescence quantum yield of an acetone-dg solution of the Nd(PMS)3(DPSO)Q obtained in Example 7 
(neodymium ion concentration: 0.05 mol/L) was measured (excitation wavelength: 585 nm, maximum luminescence 
wavelength: 1064 nm, luminescence wavelength used in measurement: 1064 nm). The measurement results are given 
in Table 3. 

Comparative Example 10 

[021 1] The luminescence quantum yield of an acetone-d^ solution of the Nd(PMS)3 obtained in Producing Example 
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1 (neodymium ion concentration: 0.05 mol/L) was measured (excitation wavelength: 585 nm. maximum luminescence 
wavelength: 1 064 nm, luminescence wavelength used in measurement: 1 064 nm). The measurement results are given 
in Table 3. 

[0212] The solutions prepared In Examples 15 and 16 and Comparative Examples 10 were measured for lumines* 
cence intensity at the respective maximum luminescence wavelengths. The relative luminescence intensity in Exam- 
ples 15 and 16: (luminescence intensity in each of Examples 15 and 16)/(luminescence intensity in Comparative Ex- 
ample 10) was calculated, letting 1 be the luminescence Intensity in Comparative Example 10 (rare earth complex in 
which the ligand Z was not coordinated). These results are given in Table 3. 

Example 17 

[0213] A 1 mL quantity of refined anhydrous methyl methacrylate (MM A). 0.5 mg of AIBN, and 148 mg (0.7 wt%) as 
the rare earth ion concentration) of the Eu(PMS)3(TPPO)8 obtained in Example 1 were mixed, the mixture was trans- 
ferred to a Pyrex tube, and the inside of the tube was deaerated and then sealed. By reacting for 5 hours at 60''C, the 
polymerization of MMA was carried out. The resulting PMMA containing Eu(PMS)3(TPPO)8 was taken out of the Pyrex 
tube, and a rod-shaped polymer matrix composition was obtained. Table 4 shows the luminescence quantum yield of 
this polymer matrix composition (excitation wavelength: 465 nm, maximum luminescence wavelength: 612 nm, lumi- 
nescence wavelength used in measurement: 612 nm). 



Table 4 





Rare earth ternary complex 


Luminescence quantum yield 
(%) 


Relative luminescence Intensity 
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' 19.0 


15466 


Ex. 18 


Eu(PMS)3(DPSO)8 


39.0 
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.1.0_ 



Example 18 

V..— .,^'»'* " " ^ ' ^ ■' 

[0214] A rod-shaped polymer matrix composition containing Eu(PNS)3(DPSO)8 was obtained in the same rhanner 
as in Example 17, except that 74 mg (rare earth Ion concentration: 0.7 wt%) of the Eu(PMS)3(DPSO)8 obtained in 
Example 5 was used instead of Eu(PMS)3(TPPO)8. Table 4 shows the luminescence quantum yield of the obtained^ 
polymer matrix composition (excitation wavelength: 465 nm, maximum luminescence wavelength: 612 nm, lumines- 
cence wavelength used in measurement: 612 nm). . 

♦ 

Example 19 

[0215] A rod-shaped polymer matrix composition containing Eu(PMS)3(Phen)n, was obtained in the same manner 
as in Example 17, except that 70 mg (rare earth ion concentration assuming m = 4: 0.7 wt%) of the Eu(PMS)3(Phen)n, 
obtained in Example 8 was used instead of Eu(PMS)3(TPPO)8. Table 4 shows the luminescence quantum yield of the 
obtained polymer matrix composition (excitation wavelength: 465 nm. maximum luminescence wavelength: 612 nm, 
luminescence wavelength used in measurement: 612 nm). 

Comparative Example 11 

[0216] A rod-shaped polymer matrix composition containing Eu(PMS)3 was obtained in the same manner as in Ex- 
ample 17, except that 47 mg (rare earth ion concentration: 0.7 wt%) of the Eu(PMS)3 obtained in Producing Example 
1 was used instead of Eu(PMS)3(TPPO)8. Table 4 shows the luminescence quantum yield of the obtained polymer 
matrix composition (excitation wavelength: 465 nm, maximum luminescence wavelength: 612 nm, luminescence wave- 
length used in measurement: 612 nm). 

[0217] The polymer matrix compositions prepared in Examples 17 to 19 and Comparative Example 11 were meas- 
ured for luminescence Intensity at the respective maximum luminescence wavelengths. The relativis luminescence 
intensity in Examples 17 to 19: (luminescence intensity in each of Examples 17 to 1 9)/(luminescence intensity in Com- 
parative Example 11) was calculated, letting 1 be the luminescence intensity in Comparative Example 11 (rare earth 
complex in which the ligand Z was not coordinated). These results are given In Table 4. 
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Example 20 * 

[0218] A rod-shaped polymer matrix composition containing Nd(PMS)3(TPPO)3 was obtained in the same manner 
as in Example 17, except that 148 mg (rare earth ion concentration: 0.7 wt%) of the Nd(PMS)3(TPPO)8 obtained in 
Example 2 was used instead of Eu(PMS)3(TPPO)3. Table 5 shows the luminescence quantum yield of the obtained 
polymer matrix composition (excitation wavelength: 585 nm, maximum luminescence wavelength: 1064 nm, lumines- 
cence wavelength used in measurement: 1064 nm). 



Table 5 





Rare earth ternary complex 


Luminescence quantum yield 
(%) 


Relative luminescence intensity 


Ex, 20 
Ex.21 


Nd(PMS)3(TPPO)8 
Nd(PMS)3(DPSO)Q 


0.8 
0.9 


80 
90 


Comp. Ex. 12 


Nd(PMS)3 


<0.1 


1.0 



Example 21 



[0219] A rod-shaped polymer matrix composition containing Nd(PMS)3(DPSO)e was obtainled in the same manner 
as in Example 17, except that 74 mg (rare earth Ion concentration: 0.7 wt%) of the Nd(PMS)3(DPSO)8 obtained in 
Example 7 was used instead of Eu(PMS)3(TPPO)8. Table 5 shows the luminescence quantum yield of the obtained 
polymer matrix composition (excitation wavelength: 585 nm, maximum luminescence wavelength: 1064 nm, lumines- 
cence wavelength used in measurement: 1 064 nm). ^ 

Comparative Example 1 2 ..J - 

[0220] A rod-Shaped polymer matrix composition containing Nd(PMS)3 was obtained iri the same n:ianner as in Ex- . 
ample 17, except that 47 mg (rare earth Ion concentration: 0.7 wt%) of the Nd(PMS)3 obtained Jn Producing Example 
1 was used instead of Eu(PMS)3(TPPO)8. Table 5 shows the luniinescence quantum yield of the obtained polyrner 
matrix composition (excitation wavelength: 585 nrn,- maximum 'iuminescehce wavderigth: 1064 nm, lumiiriescence 
wavelength used in measurement: 1064 nm). 

[0221] The polymer matrix compositions prepared in Examples 20 and 21 and Comparative Example 12 weire.meas- 
ured for luminescence intensity at the respective maximum luminescence wavelengths. The relative luminescence 
intensity In Examples 20 and 2) : (luminescence intensity In each of Examples 20 and 21) / (luminescence intensity in 
Comparative Example 12) was calculated, letting 1 be the luminescence intensity in Comparative Example 12 (rare 
earth complex in which the ligand Z was not coordinated). These results are given in Table 5. 
[0222] The rare earth temary complexes of the present invention had remarkably improved luminescence intensity 
as compared to the complexes prior to the introduction of the ligand Z. For example, the europium-based temiary 
complexes of the present invention underwent an increase in relative luminescence intensity of up to approximately 
50 times in solution. This is clear from a comparison of Examples 12 to 14 with Comparative Example 7 in Table 2. 
[0223] In contrast, with the known p-diketone-type rare earth ternary complexes, even with the ternary complexes 
in which TPPO was introduced, the luminescence intensity only increased about 4.6 times compared to before intro- 
duction 

(Comparative Examples 8 and 9). 

[0224] According to the present invention, the relative luminescence intensity was increased extremely effectively. 
[0225] . Meanwhile, the relative luminescence intensity in a polymer matrix composition was evaluated in Table 4. 
Compared to the complexes having no ligand Z, the complexes of the present invention had over 10,000 times the 
luminescence intensity, and it can be seen that the effect of a ternary complex is remarkable. 
[0226] Furthermore, it Is obvious from Table 1 that the rare earth ternary complexes of the present invention exhibit 
excellent miscibility with various media. Thus, producing a temary complex imparts mlscibllity with a wide range of 
media. According to the present invention, a rare earth complex that is useful as an optically functional material can 
be dispersed in many different kinds of media including various polymers. 
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Example 22 ^ 

[0227] A 50 mg quantity of the Eu(PMS)3(Phen)ni obtained in Example 8 and 450 mg of polycartonate were dissolved 
in 3 mL of methylene chloride and then unlfomnly stirred to obtain a polymer solution. This polymer solution was then 
5 cast onto a glass plate, after which it was dried In vacuo overnight to remove the solvent, forming a polycarbonate film 
containing Eu(PMS)3(Phen)m, which is about 6 um thick, on the glass plate. This polycarbonate film was peeled away 
from the glass plate, after which this thin film was hit with a metal rod, and it was confirmed visually that this film, though 
thin, emits red light. 

10 Comparative Example 13 

[0228] A polycarbonate film containing Eu(PMS)3, which is about 6 |im thick, was formed on a glass plate in the 
same manner as in Example 22, except that 42 mg of the Eu(PMS)3 prepared in Producing Example 1 was used 
instead of Eu(PMS)3(Phen)^. 

IS [0229] After the polycarbonate film was peeled from the glass plate, this thin film was hit with a metal rod, but no 
light emission was noted. 

. ' • • • 

INDUSTRIAL APPLICABILITY 

20 [0230] The rare earth ternary complex of the present invention has high luminescence intensity and conversion 
efficiency. The rare earth ternary complex of the present invention is useful in applications such as lenses, pressure 
sensors, or the like, where it is used as an optically functional material a luminescent material, laser material or the. 
like. It can therefore be used in optical devices such as CD players, optical disks, facsimiles, remote controls, copy 
machines, laser printers, large displays, medical lasers, laser machining and instrumentation, printing devices, and 

25 the like. More specifically, the rare earth ternary complex of the present invention can be applied to laser elements, 
light emitting diodes, liquid crystals, optical fibers, photodetectors, solar cells, and sp.forth: . 
[0231 ] The ternary complex of the present. iriyentiori can be dispersed or suspended in various kinds of plastic prod: 
ucts, making it possible to look through the contents or the internal structure, and can.be used as a mplding material 
capable of emitting light. It is also useful as a material for traffic signals, automotive light reflectors^ and other such a 

3Q . > _ material for transportation-related indicators, as a material for decorative products capable of emitting light, and so on. 

' " " • • - • . ■ • ' ... - . ■ 

' ^. ... . - . . • 

. .. . • ./ . - 

" Claims , . :^ ♦ 

35 1. Arareearthternary complex represented by the following formula (1): . 
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wherein M is a rare earth atom; n1 is 2 or 3; n2 is 2, 3, or 4; Rf^ and Rf2 are the sarne or different and are 
so each an aliphatic group having 1 to 22 carbon atoms and containing no hydrogen atoms, an aromatic group con- 

taining no hydrogen atoms, or an aromatic heterocyclic group containing no hydrogen atoms; 2 is at least one 
ligand selected from the group consisting of (A) to (D) below; m2 is an integer from 1 to 10 when Z is at least one 
ligand selected from the group consisting of (A) to (C) below, and is an integer from 1 to 5 when Z is at least one 
ligand selected from among (D) : 
S5 , . 

(A) a ligand represented by the following fomiula (A): 
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wherein R^, R2, and are the same or different and are each a hydrogen atom, a deuterium atom, an 
alky! group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 20 carbon atoms, an aromatic group, 
or an aryloxy group, and these groups may be substituted with deuterium, provided that at least one of R^, 
R2, and R3 is an aromatic group or an aryloxy group;.X is a phosphorus or sulfur atom; ml is 0 or1 ; and when 
X is a phosphorus atom, m3 is 1 , and when X Is a sulfur atom, m3 is 0, . 
(B) a iigand represented by the following formula (B): 




wherein R*"', R^', and R^' are the same or different and are each a hydrogen atom, a deuterium atom, 
an alkyi group having . 1 to.20 carbon atoms, an. alkyloxy-igroup. havmg 1 to 20 carbon atoms, or an aronriatic 
group, aiid these groups niay be substituted with deutj^numi. provided that at least one of R^\.R^', and R^'. is 
an aromatic group; m| ' is 0 or 1 rand m3' is 1; ::^ ^ v;: 
.!(.C).a ligand wHich.is a nitrogen-coritaining aromatic cofnpbuh nibnodentate coordination to M, aind-r^- 
(b) a ligand which is a nitrogen-containing arorhatic compound with bidentate coordination to M. - : . 

. The rare, earth ternary complex accordirig to Claim, i , wherein Z Is a ligand represented by formula (A). 

The rare earth ternary complex according to Claim 2, wherein formula (A) is as follows: 




wherein R\ R^, and R^ are the same or different and are each a hydrogen atom, an alkyI group having 1 to 
20 cari3on atoms, an alkyloxy group having 1 to 20 carbon atoms, an aromatic group, or an aiyioxy group, and 
these groups may be substituted with deuterium, provided that at least one of R\ R2. and R^ is an aromatic group 
or an aryloxy group; X is a phosphorus or sulfur atom; ml is 0 or 1 ; and when X is a phosphorus atom, m3 is 1 , 
and when X is a sulfur atom, m3 is 0. 

The rare earth ternary complex according to Claim 1, which Is obtainable by a preparing method cornprising the 
step of mixing a rare earth complex represented by formula (2) : . 
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1 ^ 




o=s-a 



M (2) 



02 



wherein M, n1 , n2. Rf^ and Rf^ are as defined in Claim 1; and 

at least one compound selected from the group consisting of (A) to (D) below: 

(A) a compound represented by the following fomriula (3) : 




(3) 



wherein R^V'R^, and R3 are the same or different arid are each a hydrogen atom, a deuterium atom, an alkyl.. 
group having 1 to 20 carbon atoms, an alkylbxy group having 1 to 20 carbon atoms, an aromatic group, or an 
aryloxy group, and these groups may be substituted with deuterium, provided. that at Jeast one of R^ R^, and R^ 
is an aromatic group or an aryloxy group; X is a phosphorus or sulfur atom; ml is 0 or 1 ; and when X is a phosphorus 
atom, m3 is 1 , and when X is a sulfur atom, m3 is 0, • 

' • ' * * *. 

(B) a compound represented by the following formula (B*): 



(o) 

II 

N 




r 

R^' (B) 



inS' 



wherein R^', R^', and R^' are the same or different and are each a hydrogen atom, a deuterium atom, 
an alkyl group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 20 carbon atoms, or an aromatic 
group, and these groups may be substituted with deuterium, provided that at least one of R^', R^', and R^' is 
an aromatic group; ml ' is 0 or 1 ; and m3' is 1 , 

(C) a nitrogenrcontalning aromatic compound with monodentate coordination to M, and 

(D) a nitrogen-containing aromatic compound with bidentate coordination to M 

The rare earth temary complex according to Claim 2, wherein at least one of R^ R2, and R3 in fonmula (A) is an 
aromatic group. 

The rare earth temary complex according to Claim 2, wherein R\ R^, and R^ in formula (A) are phenyl groups. 



The rare earth temary complex according to Claim 1 , wherein said complex is represented by formula (4): 
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wherein M, n1, and n2 are as defined in Claim 1; and Rf^ are the same or different and are each a 
perfluoroalkyi group having 1 to 4 carbon atoms; and Ph is a phenyl group. 

• . ■ . • 

8. The rare earth tennary complex according to Claim 1 , wherein said complex Is represented by formula (5): 



15 



20 



25 



Rff^ 1 




(5) 



wherein M, .n1, and n2 are as defined in Claim 1; Rf^ and Rf^ are the same or different and are each a 
perfluoroalkyi group having. 1 to 4 carbon atoms; and Ph is a phenyl group. 

30. 9. The rare earth ternary^ corhi3lex according to Claim 1 , 7\ or 8, wherein M Is a rare-earth atom selected from the= 
group consisting.of Ndj Eu. Tb, and Yb. . *. " 

10. A composition comprising: , 

35 a rare earth binary complex represented by formula (2): 
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Rf2 Jn2 



nl+ 



M (2) 
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wherein M, n1, n2, Rf^ and Rf^ are as defined in Claim 1; and 
the group consisting of (A) to (D) below: 

(A) a compound represented by the following formula (3) : 



at least one compound selected from 
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20 



25 



1 



|^r2 (3) 



10 wherein R^> and are the same or different and are each a hydrogen atom, a deuterium atom, an 

alky! group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 20 carbon atoms, an aromatic group, 
or an aryloxy group, and these groups may be substituted with deuterium, provided that at least one of R\ 
R2, and R3 is an aromatic group or an aryloxy group; X is a phosphorus or sulfur atom; ml is 0 or1 ; and when 
X is a phosphorus atom, m3 is 1, and when X is a sulfur atom, m3 is 0, 

IS (B) a compound represented by the following formula (B*): 



(<j)Li>R 



1' 



hK— R^' (B) 




ni3' 



wherein R^', R^'. and R?' are the same or different and are each a hydrogen atom, a deuterium atom, 
an alkyl group having 1 to 20 carbon atoms, an alkyloxy group having 1 to 20 carbon atoms, or an aromatic 
group, and these groups may be substituted with deuterium, provided that at least one of R^', R2*, and R3' is 
30 . . an aromatic group; nril' is dor 1; and mS' is 1, ...... — : 

(C) a nitrogen-containing aromatic compound with monodentate coordination to M, and 
(b) a nitrogen-containing aromatic compound with bidentate coordination to M. 

11. The composition according to Claim 10, further comprising a solvent. 

12. The composition according to Claim 10, further comprising a polymer matrix or a monomer which serves as the 
raw material for a polymer matrix. 
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13. An optically functional material comprising the rare earth temary complex according to Claim 1 . 

14. An optically functional material comprising the composition according to Claim 10. 
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